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PART I: Hardware and Software Requirements

Hardware and Software

The Benchmarking and Energy-Saving Tool for Low Carbon Cities (BEST Cities) is designed to
work with either a PC or Mac. For PC users, please first be sure that you have one of the
following Windows operating systems: Microsoft Windows XP (32 bit), Windows Vista (32 bit
and 64-bit), or Windows 7 (32 bit and 64 bit). For Mac users, Mac OS X v10.6 or v10.7 (32 bit and
64 bit) is required.

Next, please download an auxiliary software called Adobe Air from http://get.adobe.com/air/
and then download and install the BEST Cities tool from

https://besttool.s3.amazonaws.com/BEST Tool.air.

Tool Housekeeping

Tool Updates. When the BEST Cities tool gets an update, either due to de-bugging, or expansion
or revision of functionality, users will be prompted to download the latest version of the tool
when they run the tool. When prompted, please follow the update instructions shown on the
screen.

Data Collection Worksheet Location. To facilitate data collection, users can use a separate,
stand-alone worksheet to gather data for input to the BEST Cities. The worksheet is located
inside the “Documents” box at the lower-right corner of the tool.

Input Data File Location. Once users create a city profile and input and save required data, the
city file with input data is saved on user’s computer as .xml file.

Graphics and Reports Export. Analysis from the tool, including graphics or simple reports (in .csv
format), can be exported to the user’s computer.


http://get.adobe.com/air/
https://besttool.s3.amazonaws.com/BEST_Tool.air
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PART II: Low Carbon Cities and Best Cities Methodology

1. Purpose of the BEST Low Carbon Cities Tool

The Benchmarking and Energy-Saving Tool for Low Carbon Cities (BEST Cities) is a dynamic
decision-making tool, designed to assist local policy makers and urban planners in prioritizing
strategies for energy and carbon saving at the city level in China.!

China’s 12" Five-Year Plan (2011-2015) targets a reduction in carbon intensity of the economy
(CO, emissions per unit of GDP) by 17%. In the "Low Carbon Development 2014-2015 energy
saving action plan," the State Council calls for interim targets of more than 4% in 2014 and more
than 3.5% in 2015. The State Council also calls for energy intensity saving (energy consumption
per unit of GDP) of more than 3.9% per year for 2014 and 2015. The longer-term goal is to
reduce carbon intensity by 40-45% from 2005 to 2020.

With targets for low-carbon development featuring prominently in the 12" FYP and longer-term
planning, cities must determine how to meet targets and promote a climate-friendly city. The
BEST Cities tool can help.

2. Methodology Overview

The BEST Cities tool has three main modules:
(1) Inventory and Benchmarking,
(2) Sector Prioritization, and
(3) Policy Analysis for low carbon development.

Whereas other tools may focus on energy but not carbon, or provide a policy database but not a
prioritization mechanism, the BEST Cities methodology combines these components to facilitate
development of a low carbon action plan. Figure 1 provides an overview of the tool (BEST Cities
home page). Table 1 summarizes the features of the tool.

! Though designed to support China’s rapidly developing cities, the tool may be used for cities
internationally.



BEST Cities — User Guide

6.0.0 BEST Cities v1.4.4
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Figure 1. BEST Low Carbon Cities — Overview of Functions

Table 1. Design Features of BEST Low Carbon Cities

Feature BEST Low Carbon Cities |

Principal Components 3 Modules: Inventory and Benchmarking; Sector Prioritization; Policy
Analysis

Sectors Covered 9 Sectors: Industry, Public & Commercial Buildings, Residential
Buildings, Transportation, Power & Heat, Public Lighting, Solid Waste,
Water & Wastewater, Urban Green Space

Benchmarking KPls 33 Key Performance Indicators (KPIs): across 9 sectors and city-wide

Sector Prioritization 3 Criteria: sector improvement potential, sector carbon emissions, city
authority in each sector

Policy 72 energy efficiency and carbon emissions reduction policies across 9

Recommendations sectors

Policy Attributes 3 Attributes: carbon savings potential, first cost to government, speed

of implementation

Policy Prioritization 3 Criteria: match city capabilities with each policy’s needs for human
resources (technical and managerial), finances, and enforcement

Program Output Ability to export numerous graphs and reports, including
benchmarking graphs, priority policies, and policy details.
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3. Low Carbon Development Plans and Actions

The main purpose of the BEST Cities tool is to assist with preparing and implementing a low
carbon development plan. The tool may be useful for city officials, urban planners, and energy
and environmental specialists. Figure 2 shows the main steps in low carbon development, akin
to climate action planning. BEST Cities includes the Energy and Carbon Inventory step,
Benchmarking to inform the target setting step, and Policy Analysis to help cities choose policy
strategies and implement them.

Commit
Leadership

Monitor & Energy & Carbon
Evaluate Inventory

Set Targets

Choose Strategies
& Policies

Figure 2. Steps in Low Carbon Development

4. Data Gathering

The design of BEST Cities aimed for moderate data requirements — sufficient for inventory,
benchmarking, and policy selection, but not too time-consuming to collect. For the City &
Sector Data section, the user is asked to input city-wide information on population, total
primary energy consumption, total greenhouse gas (GHG) emissions, gross domestic product
(GDP), the city’s climate zone, the city’s Human Development Index (HDI), and the share of
industry and service sector GDP. The user is also asked to input annual energy consumption data
by fuel for each of the nine end-use sectors in the tool.

BEST-Cities has been designed to consider data availability in China. Much of the required data is
available to city authorities in local statistical yearbooks or through other sources. Because
many Chinese statistics are reported in units of 10”4, the BEST Cities tool follows these units. To
facilitate data gathering, the tool is accompanied by a spreadsheet, shown in Appendix 1. The
tool can still function if missing some data, though a more complete dataset is necessary to give
more accurate results. Once the data are entered, the tool generates the city’s Energy & Carbon
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Inventory, providing final energy use and CO, equivalent emissions for each of the nine end-use
sectors.

5. Energy and Carbon Inventory

Energy and Carbon Inventory. The tool quickly assesses local energy use and carbon-related
greenhouse gas emissions (carbon dioxide (CO,) and methane (CH,)) across nine city sectors:

e Industry,

e Public and Commercial Buildings,

e Residential Buildings,

e Transportation,

e Power and Heat,

e Street Lighting,

e Water and Wastewater,

e Solid Waste, and

e Urban Green Space.

Since the user enters fuel consumption in physical units (e.g. metric tons of coal consumed), the
Inventory component of BEST Cities uses fuel energy conversion factors from China’s National
Bureau of Statistics (NBS, 2011) and uses CO, and CH, emissions factors from the
Intergovernmental Panel on Climate Change (IPCC, 1996; IPCC 2006). China-specific carbon
sequestration conversion coefficients (EC, 2012) and energy unit conversion factors for power
and heat by Province are used (NBS, 2011).

Though most of the greenhouse gas emissions calculated by the tool are energy-related, a few
sector have non-energy emissions or sequester carbon. Emissions from the Solid Waste sector
are methane emissions from decomposition of organic waste. For the Urban Green Space
sector, the tool calculates the uptake of CO, by urban vegetation, i.e., carbon sequestration. As
a result, emissions for the Urban Green Space sector are negative.

6. Benchmarking of Low Carbon Indicators

Benchmarking. Cities can use the tool to benchmark their energy and carbon performance to
other cities inside and outside China, and identify those sectors with the greatest energy and
carbon saving potential. The tool conduct benchmarking on 33 low carbon indicators (Key
Performance Indicators or KPI).

? Due to data limitations, emissions calculations are based on production — not consumption - for both
power generation and heat. For electricity, the conversion factor is based on total fuel consumption for
power generation within a province divided by total electricity output. For a province with a substantial
power imports, the production-side calculations may over- or understate the emissions factor of power
consumed depending on the origin of the imported electricity. For heat, such issues are unlikely, since
there is not long distance trade of heat.
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BEST Cities includes a database of more than 200 cities, with available indicator data for each
city. The indicator data were compiled from multiple datasets. Because each dataset focuses on
different indicators, the coverage of KPIs for each city varies. As users voluntarily share their KPI
data, the tool will incorporate it into the KPI database for better benchmarking.

Table 2 lists the indicators for each city sector, as well as city-wide indicators on energy, carbon,
and the economy. One indicator per sector (in blue text) is designated as “Representative” and
used later to estimate the improvement potential and priority policies for each sector.

Note that many of the indicators in Table 2 have targets specified in the 12" FYP. For example,
Industrial Energy Intensity (tce/1074 RMB), is a key indicator for the Industrial sector, while
Share of Renewable Energy in Electricity Supply (%) is an important indicator for a low carbon
Power and Heat sector.

Figure 3 gives an example of benchmarking results for the Industry sector, on industrial
economic energy intensity (tonnes of coal equivalent per 10,000 RMB). The example City A is
compared to other cities of similar population, in rank order. From this result it can be see that
City A (shown in the golden bar) has a relatively high industrial energy intensity, likely due to a
heavy industrial base.

Though BEST Cities doesn’t directly calculate annual progress on particular targets, the tool does
provide the indicator and benchmarking information for a city to track their performance.
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Table 2. Key Performance Indicators for Low-Carbon Cities in China

KPI # ‘ KPI Name Unit of measure
City-wide

Ccwo1 Primary Energy Consumption per capita (city-wide, per year) tce/person

Cwo02 GHG Emissions per capita (city-wide, per year) tCO,e/person
Ccwo3 GDP per capita (city-wide, per year) 1074 RMB/person
Industry*

INO1 Industrial Economic Energy Intensity tce/1074 RMB

(Final Energy consumption/unit industrial value added)

INO2 Industrial Carbon Intensity tCO,e /1074 RMB
(GHG emissions/unit of industrial value added)
INO3 Share of Fossil Fuel in Industrial Energy (excluding heat and electricity) | %
INO4 Share of Electricity Use in Industrial Energy %
Public and Commercial Buildings
BLO1 Public buildings electricity intensity kWh/m2
BLO3 Share of Green Buildings (% of city-wide floor space designated as %
"Green" building or similarly labeled building)
Residential Buildings
BLO2 Residential buildings energy use per capita tce/person
BLO5 Share of District heating supplied by cogeneration facilities %
Transportation
TRO1 Transportation energy use per capita tce/person
TRO2 Extent of Public Transit Lines km/km2
(length of rail and bus lines in city area)
TRO3 Mode Share of Non-motorized Transport %
(% of trips by walking and bicycling)
TRO4 Mode share of public transit (% of trips by bus and rail) %
Power & Heat
PHO1 ‘ Share of Renewable Energy in local electricity supply %
Street Lighting
SLo1 Electricity Intensity of Street Lighting kWh/km
(Grid-connected electricity consumed per km of lit roads per year)
Solid Waste
SWo1 ‘ Municipal solid waste disposed per capita (per year) kg/person
Water & Wastewater
WWwo01 Water consumption per capita (per year) m3/person
WWo02 Electricity intensity of potable water supply kWh/m3

WWO03 Energy intensity of Wastewater treatment tce/1074 m3
Urban Green Space
uUGo1 Urban Green Space per capita m2/person

Notes: All indicators are on a yearly basis.

Indicators in blue are “Representative” and used to calculate the Sector Improvement Potential.
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* The Industry sector also includes Indicators for energy intensity — physical (tce/tonne) or economic
(tce/1074 RMB) — for Industrial sub-sectors: Steel Production, Building Materials, Cement Production, Flat
Glass Production, Chemical Industry, Synthetic Ammonia Production, Ethylene Production, Textile
Production, and Food Industry.

BEST Cities v1.4.4

& PUBLIC & COMMERCIAL
BUILDINGS

Benchmark Resulis

BEST Cities
Gy A #

Choose a Sector and a Key Performance Indicator from the menu to compare your city to others on the chart below. Uncheck a
city in the table to remove it from the chart. Striped bars are proxy data. To generate a JPG file of a chart, click on Save Image.
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Industrial Econemic Energy
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‘ £} RESIDENTIAL BUILDINGS
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Industrial Energy (not including

‘ 3 ) TRANSPORTATION

heat and electricity) [%]

POWER & HEAT

Share of Electricity Use in
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PUBLIC LIGHTING
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consumption per tonne of steel
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Economic Energy Intensity of

Building Materials (Final energy
consumption per unit of
building materials value-added)
[tee/10"4 RMB]

Physical Energy Intensity of
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1.5200
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1.3800
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Figure 3. Industry Sector Benchmark Results: Industrial Energy Intensity (tce/10,000
RMB)

7. Sector Improvement Potential and Prioritization

In the next component of the tool, BEST Cities considers the carbon saving potential determined
from benchmarking, as well as the city’s level of authority for decision-making in each city
sector, to prioritize sectors with the greatest potential for energy and carbon saving. This
component has three sections: 1) Sector Improvement Potential, 2) City Authority, and 3) Sector
Prioritization Results.

Sector Improvement Potential. Based on the earlier benchmarking results, BEST Cities estimates
the Sector Improvement Potential for one “Representative” KPI for each sector. For example, for
the Residential Buildings sector, the Representative KPI is residential buildings energy use per
capita. For the Power and Heat sector, the Representative KPI is the share of renewable energy
in the local electricity supply. The BEST-Cities sector improvement potential value is calculated
as:
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| KPIgjty—KPI better|
Sector Improvement Potential [%] = = e e (eq. 1)
KPIcity

2 KPquual to or better than the city being benchmarked

KPI = eq.2
average better # of cities equal or better (eq.2)

where the KPlaerage better 1S the mean of the values of all chosen peer cities with better
performance.

In the Residential Building sector, for example, if ten peer cities used less energy per capita than
your city (i.e., the ten peer cities performed “better” than your city), the improvement potential
is the difference between the average value of those ten peer cities’ residential energy per
capita, and that of your city, divided by the residential energy per capita in your city,

The improvement potential is a simple, rough estimate, for the purpose of selecting policy
strategies to pursue for energy and carbon savings. If the user desires, the calculated potentials
can be overridden based on their knowledge of the actual savings potentials in each sector.

City Authority. Decision-making authority is another consideration in prioritizing low carbon
actions at the city level. While some actions—such as improving energy efficiency of local
government buildings—can easily be undertaken within local jurisdiction, other actions—such as
renewable electricity supply—may need approval from higher levels of government. If a sector
has a large improvement potential but limited city authority, it can still be worthwhile for a city
to undertake the coordination needed for action in the sector. Appendix 3 provides definitions
of city authority utilized in the BEST Cities tool.

Sector Prioritization. The overall Sector Prioritization Score considers the magnitude of sector
greenhouse gas emissions, as well as the potential for improvement and the city’s jurisdictional
authority in each sector.

Sector Prioritization Score = Sector Improvement Potential (%)
x Sector CO,e Emissions (1074 tCO,e) x City Authority [eq. 3]

For example, in many Chinese cities, the Power and Heat sector is very carbon-intensive, has
high emissions, and has much potential for improving the share of renewable energy in
electricity generation. De-carbonizing electric power supply would result in large carbon savings.
Yet local government officials currently have limited authority to change the generating mix for
the Power sector. As a result, the Power and Heat sector may not have the highest Sector
Prioritization Score.
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8. Policy Analysis and Prioritization

Policy Analysis. BEST Cities helps city authorities prioritize action across city sectors and evaluate
the appropriateness of more than 70 policy strategies that can save energy and carbon. By
identifying those strategies most relevant to local circumstances, the tool helps local
government officials develop a low carbon city action plan that can be implemented in phases,
over a multi-year timeframe.

The Policy Analysis module of the tool has five parts: 1) City Capability, 2) Policy Appraisal, 3)
Policy Review, 4) Policy Matrix, and 5) Priority Policies.

City Capability. BEST Cities examines three areas of city government capabilities for each sector:
(1) Finance, (2) Human Resources, and (3) Policy Enforcement. The tool asks the user to
characterize city capabilities as High, Medium, or Low for each area, for each sector. For
example, in the Residential Buildings sector, city officials might have a Medium level of financing
for residential building programs; High human resources, in terms of skilled staff; and Medium
enforcement capabilities with numerous construction companies. Appendix 5 gives the
definitions of capabilities for the three areas of City Capability.

Policy Appraisal. In the Policy Appraisal component of the tool, the focus shifts from sector to
individual policies. This component of BEST Cities matches City Capabilities in each sector with
the capabilities (or competencies) needed for each of the 72 policies in the tool’s database, to
identify feasible low carbon actions for the city to implement. See Table 3 for a summary of low
carbon policies included the tool.

The Policy Appraisal section ranks policies based on the results of the assessment of the
capabilities of the city in terms of project finance, human resources, and policy, regulation, and
enforcement in each prioritized sector, comparing each policy's minimum requirements against
the self-assessed levels of capabilities and opportunity in the city. The color-coding of appraisal
results works on the simple traffic light system: green indicates good compatibility, yellow
marginal compatibility, and red poor compatibility. The initial appraisal is undertaken to give
guidance to the city; it is not prescriptive and it is the responsibility of the city to determine
which policies will be taken further.

Policy Review. The Policy Review section displays all policies selected through the Policy
Appraisal along with their attributes: Speed of Implementation, Carbon Savings Potential, and
First Cost to Government. This is a very useful summary of recommended policies, which the
user can sort by clicking on any of the policy attributes. The estimated range of values for these
policy attributes are from the BEST-Cities database, based on the size of the city; see Appendix 6
for the values. The tool also allows the user to override the estimated values and enter a more
specific value of Carbon Savings Potential or First Cost, based on the city’s own analysis. The
Policy Review can be exported as a report.

10
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Table 3. BEST-Cities Policies and Programs

Sector Policy/Program Sector Policy/Program
Benchmarking Bicycle Path Networks
Energy Audit / Assessments Bike Share Programs
Industrial Energy Plan Clean Vehicle Programs
Stretch Targets for Industry Complete Streets
Incentives and Rewards for Industrial Vehicle CO, Emission Standards
Energy Efficiency
Industrial Energy Efficiency Loans and Mixed-Use Urban Form
Innovative Funds
Tax Relief _E Integrated Transportation Planning
E" Energy or CO, Tax E Public Transit Infrastructure: Light Rail,
é § BRT, and Buses
- Industrial Equipment and Product E Parking Fees and Measures
Standards =
Differential Electricity Pricing Public Education on Transport Options
Energy Management Standards Vehicle License Policies
Energy Manager Training Commuting Programs
Recycling Economy and By-product Vehicle Fuel Economy Standards
Synergy Activities
Low-carbon Industrial Parks Congestion Charges, and Road Pricing
Fuel-switching Bicycle Path Networks
More Stringent Local Building Codes Minimum Performance Standards for
Thermal Power Plants
Green Building Guidelines for New Load Curtailment Incentives/Demand
Buildings Response/Curtailable Rates
Expedited Permitting for Green Power Investment subsidies and tax
Buildings - incentives for Renewable Energy
Targets for Efficient and Renewables in g Time-based Electricity Pricing Schemes:
@ Buildings o3 Inclining Block Pricing and Time-of- Use
% g Pricing
g’ Building Energy Labeling and g Transformer Upgrade Program
g Information Disclosure
g Mandatory Building Energy-Efficiency District Heating Networking
IS Audit Maintenance and Upgrade Program
g Public Education Campaigns on Building Renewable Energy and Non-fossil Energy
L Energy Efficiency and Conservation Targets or Quotas
§ Municipal Building Energy Efficiency Public Lighting Plan
Task Force o &
Energy Performance Contracting and E .:ED Audit and Retrofit Programs
5

Energy Service Companies

Retrofit Subsidies and Tax Credits for
Existing Buildings

Subsides for New Buildings that Exceed
Building Code

Water &
Wastewater

Public Education Measures

Methane Capture and Reuse/
Conversion

11
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City Energy and Heat Maps

Cooperative Procurement of Green
Products

Financial Incentives for Distributed
Generation in Buildings

Residential Buildings

Reach Standards for Efficient Appliance
and Equipment

Building Workforce Training

Green Building Guidelines for New
Buildings

More Stringent Local Building Codes

Active Leak Detection and Pressure
Management Program

Prioritize Energy Efficient Water
Resources

Facility Operator Training Program

Water Management Plan

Improve Efficiency of Pumps and Motors

Codes, Consumer Education, and
Incentives for Water-Efficient Products

Public Education Measures

City Energy and Heat Maps

Building Energy Labeling and
Information Disclosure

Targets for Efficient and Renewables in

Recycling and Composting Mandate and
Program

Landfill Methane Recovery

Integrated Solid Waste Management

Buildings o Planning
Expedited Permitting for Green Buildings % Waste Composting Program
Retrofit Subsidies and Tax Credits for % Waste Vehicle Fleet Maintenance, Audit
Existing Buildings § and Retrofit Program
Subsides for New Buildings that Exceed Anaerobic Digestion
Building Code
Energy-Efficient Equipment and Public Education Program
Renewable Energy Technology Purchase
Subsidies
Public Education Campaigns on Building Urban Green Space
Energy Efficiency and Conservation € s

g g Urban Forestry Management

Policy Matrix. The Policy Matrix provides a graphical, color-coded display of priority policies in a
3 x 3 matrix, sorted by First Cost and CO, Emissions Reduction Potential. Check boxes allow the
user to alter the display based on their preferences for Speed of Implementation.

Detailed Policy Recommendations. From multiple sections of Policy Analysis, the user can click
on the name of a policy to view more information. BEST Cities contains a database of more than

70 low carbon policies, including a 2-4 page explanation and characterization of each policy. The

detailed policy sheets include:

Policy Description

Implementation Strategy and Challenges
Monitoring Metrics

Case Studies

Policy Attributes:

12
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o Carbon Savings Potential,
o First Cost to Government,
o Speed of Implementation
e Tools and Guidance
e References

Priority Policies. This final component of the tool presents a ranked listing of priority policies for
your city’s Low Carbon Development Plan. The Priority Policies can be exported as a report and
utilized in other documents as needed by the city.

13
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PART III: Screen-by-Screen User Guide

Screen 1: Language Selection

When the BEST Cities tool is first launched, the user can select to view the tool in English or
Chinese.

800 BEST Cities v1.4.4.

Language Selection

Use this pull-down box to select the language you would like to use in this
program.

MR e AR A RIS

Select Language
i

English (United States)

Screen 2: Introduction

The second screen appearing after launch of the tool is the Introduction, including an overview,
Acknowledgements in tool development, and contact information for inquiries or feedback
about BEST Cities.

‘800 BEST Cities v1.4.4

Introduction

Introducing the Benchmarking and Energy Saving Tool for Low Carbon Cifies (BEST-Cities)

BEST-Cities is designed to provide city authorities with strategies they can follow to reduce city-wide carbon dioxide (C02) and methane (CHd) emissions. The tool quickly
assesses local energy use and energy-related CO2 emissions across nine sectors (i.e,, industry, public and commercial buildings, residential buildings, transportation, power
anet heat, public lighting, water & wastewater, solid waste, and Urban green space), giving officials a comprehensive perspective on their local carbon performance. Cities
can also use the tool to benchmark their energy and emissions performance to other cities inside and outside China, and identify those sectors with the greatest energy
saving and emissions reduction potential.

Another important feature of BEST-Cities is its ability to help city authorities evaluate the appropriateness of more than 70 different strategies that can reduce their city’s

energy use and emissians. By identifying those strategies most relevant to local circumstances, the toal helps local government officials develop a low carbon city action
plan that can be implemented in phases, aver a multi-year timeframe

ACKNOWLEDGMENT

This taol was developed with the generous support of the Energy Foundation China through the Department of Energy under contract No. DE-AC02-DSCH11231. We also

acknowledge the significant assistance of Steve Hammer, Urban Development and Resilience Unit, World Bank, and Ben Ede, the programmer. We would like to thank lvan
Jacques and Pedzi Makumbe of the World Bank's Energy Sectar Management Assistance Program (ESMAP). BEST Cities is partly based on a model originally developed by
ESMAP known as TRACE, the Tool for the Rapid Assessment of City Enerey.

FOR MORE INFORMATION

Nan Zhou (NZhou@lbl. gov) Hu Xulian {huxl@eri.org.cn) Hu Min (humin @efchina.org)
Lynn Price (LKPrice@Ibl.gav) Energy Research Institute Energy Faundation China
China Energy Group Beijing, China Beiling, China

Energy Analysis & Environmental Impacts Department

Environmental Energy Technologies Division

Lawrence Berkeley National Laboratory

Berkeley, CA
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Screen 3: City and Climate Selection

The City and Climate Selection screen allows users to specify a new city for data entry, or to
load city data previously entered. City data input into BEST Cities is saved on user’s computer or
server as .xml file.

Specifying the Chinese province in which the city is located enables benchmarking with
provincial data, for example Industrial energy intensity (energy per unit GDP).

BEST Cities also utilizes the city’s climate zone for benchmarking purposes. For example, to
compare energy consumption in Residential Buildings, which is strongly influenced by heating
and cooling demand, it is appropriate to benchmark with cities in the same climate zone.

The City and Climate Selection screen shows the China climate zone map; this information is
also included in Appendix 2 of the User Guide.

8,00 BEST Cities v1.4.4

City and Climate Selection

Welcome 1o the Benchmarking and Energy Saving Tool for Low Carhon Cities (BEST-Cifies) tool. To
begin using the tool, enter the following information below or open an existing file:

Province Load an existing city
[ - Choose Province - '] [ [™  Open Existing File l

Gty
1

Climate

S Cold
Gald

Temperate
Hot Summer Cold Winter

m 0 Hot Summer Worm Winter
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Screen 4: BEST Low Carbon Cities Homepage

All main functions of the BEST Cities tool are accessed from the homepage. The “Home” button
on other pages returns the user to this screen.
The homepage shows the three main modules of the BEST Cities tool:
(1) Inventory and Benchmarking,
(2) Sector Prioritization, and
(3) Policy Analysis for low carbon development.

The pencil icon allows
user to change city name,
climate, and province.

BEST Cities v1.4.4

EBESTCITIES

BENCHMARKING & ENERGY SAVING TOOL FOR LOW CARBON CITIES

i 3 Sector Improvement
il City & Sector Data H H ?s Pofenial i:'
- - 3 -
. L]

Energy & Carbon
o all |
" nventory

o= Gty Authority

Sector Prioritization
Results |

Benchmark Results '

Policy Analysis

Find policies and programs for carbon saving across city sedtors

% Gty Capability : g Policy Appraisal ‘ iﬁ Policy Review ‘ Eii Policy Matrix ’ l EEE Priority Policies "

“Documents” gives user access to
details of more than 70 Policy
Recommendations

Navigation and Data Units

Much of the BEST Cities tool is organized by city sector, with a menu of city sectors on the left-
hand side of the screen. Clicking on a sector brings up the associated screen, for data, energy
and carbon inventory, benchmarking, improvement potential, city authority, city capabilities,

etc.
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Data units follow the conventions in Chinese statistics, often using increments of ten thousand,
1074 (rather than Western scientific notation with increments of 10*3). Energy units are
converted to common units of metric tonnes of coal equivalent (tce) and presented as 10”4 tce.
Greenhouse gas emissions are expressed as tonnes of CO, equivalent (tCO.e), including carbon-
based greenhouse gasses as appropriate (CO, and CH,). Emissions are expressed as 1074 tCO,e.
Metric units are used for other parameters (e.g., square meters of building area or green space).

Screen 5: City & Sector Data

The screens for City and Sector data gather information on your city as a whole, and for specific
sectors. Fill in data as completely as possible, since any missing data may affect benchmarking
and policy results. If a particular piece of data cannot be obtained, or is not applicable to your
city, leave the box blank.

Enter only numbers in the “Quantity” cells.
In the appropriate cells, note the Year and Data Source for each data point.

The City Data section asks for city-wide information on population, total primary energy
consumption, total greenhouse gas (GHG) emissions, gross domestic product (GDP), the city’s
climate zone, the city’s Human Development Index (HDI), and the share of industry and service
sector in city GDP. For the Sector Data, input annual energy consumption data, by fuel, for each
of the nine end-use sectors in the tool. BEST-Cities has been designed to consider data
availability in China. Much of the required data is available to city authorities in local statistical
yearbooks or through other sources.

The screen shots below show most of the data required city-wide and for each sector. In the
tool, you must scroll down (using the scroll bar on the right-hand side of the screen) to see all
the data fields. Appendix 1 summarizes all the data needed in a spreadsheet (in Chinese) to help
with data gathering.

Start by entering the City-wide Data. You may enter the data in any order, and continue on to
any sector. However, if you move on to another screen before completing data entry, the tool
will give a warning:
Data are missing. Please provide data for each cell to ensure meaningful results. If data are
not applicable, enter zero (“)”). Choose “return” to fill in missing data now. Choose
“Continue” if data are not available at this time; come back later to fill in blank cells.
Warning: your results will not be accurate if data are missing.

Save your city data (using the “Save City Data” button in the upper left-hand corner of the

screen) whenever you quit the BEST Cities software; the tool will also prompt you to save your
city data.
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Screen 5.1: City-wide Data

8680 BEST Cities v1.4.4

City & Sector Data T

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter
zero (“0").

City-wide Parameter Number / Answer Year Data Source
3, ) INDUSTRY Total City Population [people] * [ [S& (R | @
PUBLIC & COMMERCIAL Tetal City-wide Primary Energy Consumption [10°4 tce] [ & (R | @
@J/ BUILDINGS
Total City-wide GHG Emissions [10/4 tCO2e | [ | | || | @
((2) ) RESIDENTIAL BUILDINGS S T
Total Gity-wide GDP [104 RMB) [ | | | @
@J ULLS0 AN Climate Zone [Colg | T | | i )
POWER & HEAT ::trng nl}l(t;zr\;eilopmem Index (HDI) Score [Number r;;gl_ng___|__ | ‘ ‘ | ‘ o
PUBLIC LIGHTING Industry Sector Share of City-wide GDP [%] [ | | | @
(i}

Service Sector Share of City-wide GDP [%] | | ‘ ‘ | ‘

( © | WATER & WASTEWATER

(™ soupwasTe
{3 URBAN GREEN SPACE

Screen 5.2: Industry Data

880 BEST Cities v1.4.4

(ity & Sector Data s

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter
zero ("07).

Indusiry Energy Data

Consumption Level Year Data Source

Coal [10"4 tonnes]

@J PUBLIC & COMMERCIAL Colal[1CA% i) | | | | | |
&/ BUILDINGS
Crude Oil [10°4 tonnes] [ | [55] | L
() ) RESIDENTIAL BUILDINGS ——
Diesel [10°4 tonnes] [ || | | |
@/ TRANSPOTTATION Fuel Oil [10"4 tonnes] [ | ] | |
POWER & HEAT Gasoline [10"4 tonnes] [ | ] | |
PUBLIC LIGHTING Ketosens [10°4 tonnes] [ | | | | |

Biomass [10°4 tonnes] | | ‘ | ‘ |

‘ © | WATER & WASTEWATER Sszs

LPG [10"4 tonnes] | | ‘ | ‘ |

‘ B SOLID WASTE S

Natural Gas [10°4 m3] | | ‘ | ‘ |

{ z , URBAN GREEN SPACE
Other Coal Gas (Town Gas) [10°4 m3] | | ‘ | ‘ |

Bl
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Screen 5.3 Public & Commercial Buildings Data

BEST Cities v1.4.4

BEST Cities
GiyA #

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter

zero (*0").

@J INDUSTRY

‘ ) RESIDENTIAL BUILDINGS

(E} ) TRANSPORTATION

% PUBLIC & COMMERCIAL
BUILDINGS

LPG [10"4 tonnes]

Natural Gas [10°4 m3]

POWER & HEAT

PUBLIC LIGHTING

(& | WATER & WASTEWATER

(™ sou wASTE
(2, URBAN GREEN SPACE

Buildings Parameter

Other Coal Gas (Town Gas) [10°4 m3]

Total Area of Public & Commercial Buildings [m2]

Total Area of Green-labeled Buildings in the City [

Total Area of All Buildings in the City [m2]

Consumption Level Year Data Source

Data on total area of buildings in the city,
green buildings, and public/commercial
buildings are used to track energy and
carbon intensity, and for benchmarking
purposes.

1

Data Source

Screen 5.4: Residential Buildings Data

800

City & Sector Data

BEST Cities v1.4.4

BEST Cities
GiyA #

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter

zero (“07).

@ CITY-WIDE
() mousey

) PUBLIC & COMMERCIAL
=/ BUILDINGS

‘ 3 ) TRANSPORTATION

POWER & HEAT

PUBLIC LIGHTING

(& | WATER & WASTEWATER

(™, soup wsTe
{3 URBAN GREEN SPACE

Fuel

Coal [10"4 tonnes]

Fuel Qil [10°4 tonnes]

Consumption Level Year Data Source

LPG [10"4 tonnes]

Natural Gas [10"4 m3]

Other Coal Gas (Town Gas) [10°4 m3]

Electricity [10°4 kWh]

Heat [10°10 kJ]
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Screen 5.5: Transportation Data

. 8.00 BEST Cities v1.4.4
2 BEST Cities
A o (ity & Sector Dafa
GiyA #
- Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter
zero (“07).
N
73 (TYWIDE
6 Fuel Consumpiion Level Year Data Source
2} INDUSTRY Diesel [10°4 tonnes] [ | (] |
) TUBLCE CONNERCAL =) | [ | | |
=/ BUILDINGS
LPG [10°4 tonnes] [ | (] |
L L R B —
Electricity [10°4 kW] [ | | | |
ﬁ! RANSPO U | » N - N e
POWER & HEAT
Transportation Parameter Quantity Year Data Source
PUBLIC LIGHTING Extent of Public Transit Lines [Km/km2] [ | | | @
@ P — Mode Share of Public Transit (% of rips) [%] [ | | | @
Made Share of Nen-motorized Transport (% of working | ‘ | ‘ | ‘ o
G IR trips by walking & bicycling) [%:]
{ Z | URBAN GREEN SPACE

Screen 5.6: Power & Heat Data

1800 BEST Cities v1.4.4

(4t | (ity & Sector Data BEST G

GiyA #

zero ("07).

e

- Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter

-
' CIMEWIDE ,
G’z Power & Heat Parameter Quantity Year Data Source
Electricity Supplied to the City from R Sources
;l.l, INDUSTRY (Wind, Hydro, Solar, Biomass, etc.) [10"4 kWh] | | ‘ ‘ | | o
Electricity Supplied to the City (All Sources, Including | | ‘ ‘ | | o
Renewables) [10°4 kWh]

) PUBLIC & COMMERCIAL
-/ BUILDINGS

Local Facior for Energy Unit Conversion
‘ J ; RESIDENTIAL BUILDINGS
Type of Daia Conversion Factors Year Data Source
(ﬁ ) TRANSPORTATION
Elecricity Energy Unit Conversion (10° toe /10 kWh)  [0.0003355 [ Ovemide | | | | |

District Heat Energy Unit Conversion (104 tce / 10*0

= [oosae | [Ovemide | |

PUBLIC LIGHTING Local Faciors for (0, Emissions

@ WATER & WASTEWATER Type of Data

Evtv)ﬁ;a Emissions Factor for Electricity (10°4 tCO2e/10%4 |U 000829 ‘ [ Override ] | ‘ | |
Cl/ SOLID WASTE

COZe Emissions Factor for Heat (104 1G02eM0M0 k) 04191 | [ Ovenide | | | |

(2 URBAN GREEN SPACE
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Screen 5.7: Public Lighting Data

BEST Cities v1.4.4

BEST Cities
GiyA 7

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter
zero (“0”).

) INDUSTRY

& PUBLIC & COMMERCIAL
BUILDINGS

lic Lighting Parameter
Electricity Used for Public Lighting i the City (grid- [ B Bl | @
connected) [10°4 kWh]
Total Length (km) of Lit Roadways in the City [km] [ (S8 ] | @

(2, amvanoe

BEST Cities
GyA #

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter
zero ("07).

Gasoline [10"4 tonnes]

Kerosene [10°4 tonnes] | ‘ | | ‘ |

Ay ) INDUSTRY

Blomass [10°4 tonnes] | ‘ | | ‘ |

& PUBLIC & COMMERCIAL
BUILDINGS

LPG [10"4 tonnes] [ ||l | T |

Naturel Gas [10™ m~3] [ ||| || |

‘ £) ) RESIDENTIAL BUILDINGS

(.-a ) TRANSPORTATION

POWER & HEAT

PUBLIC LIGHTING

I'i SOLID WASTE

Water & Wostewater Data

Water & Wostewaoter Parameter Data Source

Water Supplied City-wide Per Year [10°4 tonnes]

{ = URBAN GREEN SPACE

Wastewater Treated City-wide PerYear [104 tonnes] [ | T | ] | @

21



BEST Cities — User Guide

Screen 5.9: Solid Waste Data

860 BEST Cities v1.4.4

(4 tone | ity & Sector Data 151G

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter

zero ("0”).
T
{4 aTYWiDE
C'/ Solid Waste Parameter Total Amount Disposed ~ Year Data Source
33 ) INDUSTRY Landfil [0°4 tonnes] | |88 | | @
PUBLIC & COMMERCIAL Composting [10°4 tonnes] | |88 | | | @
&) sunoives R
Incinerated Waste [10°4 tonnes] | | | ‘ | | 0

3 ) TRANSPORTATION
Chinese solid waste data statistics are noted
POWER & HEAT in these categories: landfill (disposed waste),
composting (recovered organic waste), and
PUBLIC LIGHTING P g g 2

incinerated waste (Waste To Energy). Few
@ WATER & WASTEWATER cities have statistics on recycled waste at

o SOLID WASTE

(2 uRBAN GREEN SPACE

Screen 5.10: Urban Green Space Data

6.0.0 BEST Cities v1.4.4

City & Sector Data s

Please provide data for each cell to ensure meaningful results. If data are not available, leave cell blank; if not applicable, enter
zero ("0”).

G'/ CITY-WIDE
< 3y ) INDUSTRY Total Area of Urban Green Space in the City [10° m2] [ &8 [ |

Include urban forest and grassy areas, which store CO
PUBLIC & COMMERCIAL provide other climate benefits.
"h BUILDINGS

3 TRANSPORTATION
e Hover the cursor over the “i”
button to see more
HELC information about the
@ P — requested data.

22



BEST Cities — User Guide

Screen 6 Energy & Carbon Inventory

Once the city and sector data are entered, the tool generates the city’s Energy & Carbon
Inventory, providing final energy use and CO, equivalent emissions for each of the nine sectors.
Since the user enters fuel consumption in physical units (e.g. metric tons of coal consumed), the
tool uses fuel energy conversion factors from China’s National Bureau of Statistics (NBS, 2011)
and uses CO, emissions factors from the Intergovernmental Panel on Climate Change (IPCC,
1996; IPCC 2006). The tool also uses China-specific carbon sequestration conversion coefficients
(EC, 2012) and province-level energy unit conversion factors for power and heat (NBS, 2011).2

The City-wide inventory show the total primary energy consumption and carbon emissions
reported by the city, as well as the sector final energy totals calculated by the BEST Cities tool.
Because the tool is calculating sector end-use energy, and attributing emissions to the sector
using the energy, electricity (power) and heat are included in the other end-use sectors on this
screen. Due to these different approaches to energy and carbon accounting, the reported total
city-wide inventory and the sum of the calculated sector inventories will result in different
numbers.

The inventory screens for each sector show the fuel, energy consumption in units of 10”4 tce,
and carbon emissions in units of 1074 t CO.e.

* Due to data limitations, emissions calculations are based on production — not consumption - for both
power generation and heat. For electricity, the conversion factor is based on total fuel consumption for
power generation within a province divided by total electricity output. For a province with a substantial
power imports, the production-side calculations may over- or understate the emissions factor of power
consumed depending on the origin of the imported electricity. For heat, such issues are unlikely, since
there is not long distance trade of heat.
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Screen 6.0 Energy unit conversion factors and carbon emissions
factors

6.0.1 Fuel Energy Conversion Coefficients

Energy Data Source

Conversion

Coefficient

P1 | Coal 0.7143 10" tce/ 10°tonne | 2010 China Energy Statistical
Yearbook 2011

P2 Coke 0.9714 10" tce/ 10" tonne | 2010 China Energy Statistical
Yearbook 2011

P3 Crude Oil 1.4286 10" tce/ 10" tonne | 2010 China Energy Statistical
Yearbook 2011

P4 Diesel 1.4571 10" tce/ 10" tonne | 2010 China Energy Statistical
Yearbook 2011

P5 Fuel Oil 1.4286 10" tce/ 10" tonne | 2010 China Energy Statistical
Yearbook 2011

P6 | Gasoline 1.4714 10" tce/ 10" tonne | 2010 China Energy Statistical
Yearbook 2011

P7 Kerosene 1.4714 10" tce/ 10" tonne | 2010 China Energy Statistical
Yearbook 2011

P8 Biomass 0.4645 10" tce/ 10°tonne | 2010 China Energy Statistical
Yearbook 2011

P9 LPG 1.7143 10" tce/ 10°tonne | 2010 China Energy Statistical
Yearbook 2011

P10 | Natural Gas 1.33E-3 10" tce/10" m3 2010 China Energy Statistical
Yearbook 2011

P11 | Other Coal Gas | 1.786E-5 10" tce/10" m3 2010 China Energy Statistical
(Town Gas) Yearbook 2011
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6.0.2 Energy Unit Conversions for Power & Heat, by Province
P12: Electricity energy

P13: District Heat energy

Province unit conversion unit conversion
(1074 tce /1074 kWh) (1074 tce/10710 k)

Anhui 3.24E-04 0.0399
Beijing 2.73E-04 0.0406
Chonggqing 2.88E-04 0.049
Fujian 2.43E-04 0.0379
Gansu 2.67E-04 0.0415
Guangdong 2.73E-04 0.041
Guangxi 2.20E-04 0.0574
Guizhou 2.90E-04 0.0523
Hainan 2.95E-04 0.0117
Hebei 3.28E-04 0.0465
Heilongjiang 3.91E-04 0.0567
Henan 3.43E-04 0.0489
Hubei 2.00E-04 0.0615
Hunan 2.46E-04 0.0438
Inner Mongolia 3.99E-04 0.0596
Jiangsu 2.80E-04 0.0374
Jiangxi 3.14E-04 0.0512
Jilin 3.60E-04 0.0501
Liaoning 3.69E-04 0.0484
Ningxia 3.57E-04 0.0461
Qinghai 1.77E-04 0.0378
Shandong 3.36E-04 0.0436
Shanghai 2.77E-04 0.041
Shanxi 3.43E-04 0.0459
Shaanxi 3.20E-04 0.0435
Sichuan 2.08E-04 0.0285
Tianjin 3.21E-04 0.0421
Xinjiang 3.13E-04 0.0426
Yunnan 2.52E-04 0.051
Zhejiang 2.65E-04 0.0376
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6.0.3 Carbon Emission Factors for Selected Fuels

CO2e Emission

Factors for Fuels

(10" tcO2e/10" tce)
Q1 Coal 2.812 | IPCC 1996
Q2 Coke 2.769 | IPCC 1996
Q3 Crude Oil 2.147 | IPCC 1996
Q4 Diesel 2.168 | IPCC 1996
Q5 Fuel Oil 2.265 | IPCC 1996
Q6 Gasoline 2.028 | IPCC 1996
Q7 Kerosene 2.104 | IPCC 1996
Q8 Biomass 3.209 | IPCC 1996
Q9 LPG 1.846 | IPCC 1996
Q10 Natural Gas 1.642 | IPCC 1996
Qi1 Other Coal Gas China Energy Statistical
(Town Gas) 3.166 | Yearbook 2011
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6.0.4 CO2e Emission Factors for Power & Heat (by Province)

Q12: CO2e Emission Factor

Q13: CO2e Emission

Province for Electricity Factor for Heat
(10° tcO2e /(10" kWh) (10°tco2e /10" kJ)

Anhui 9.040E-04 0.1080
Beijing 6.590E-04 0.1002
Chongging 6.940E-04 0.1346
Fujian 5.370E-04 0.0999
Gansu 6.280E-04 0.1126
Guangdong 6.470E-04 0.1058
Guangxi 4.850E-04 0.1588
Guizhou 7.190E-04 0.1449
Hainan 6.970E-04 0.0251
Hebei 9.060E-04 0.1248
Heilongjiang 1.049E-03 0.1515
Henan 9.150E-04 0.1332
Hubei 3.410E-04 0.1438
Hunan 5.670E-04 0.1257
Inner Mongolia 1.076E-03 0.1647
Jiangsu 7.470E-04 0.1026
Jiangxi 8.220E-04 0.1377
Jilin 9.230E-04 0.1370
Liaoning 9.940E-04 0.1298
Ningxia 9.730E-04 0.1267
Qinghai 2.140E-04 0.0756
Shandong 9.290E-04 0.1191
Shanghai 7.490E-04 0.1069
Shanxi 9.460E-04 0.1247
Shaanxi 8.610E-04 0.1184
Sichuan 3.390E-04 0.0714
Tianjin 8.840E-04 0.1143
Xinjiang 7.790E-04 0.1148
Yunnan 4.970E-04 0.1413
Zhejiang 6.690E-04 0.1037
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Screen 6.1 City-wide Energy & Carbon

BEST Cities v1.4.4

Energy & Carbon Inventory Reported Energy and

Carbon Inventory
The Energy and Carbon inventory shows the sector inventories calculatcd by

data. The inventory also shows your reported city-wide tot=!. keview your iny|
discrepancies. Only the calculated inventory is »=zd tor Benchmarking, Sector Frioritization, and Policy Analysis.

. Primary Energy (10"4 tce) Carbon (10"4 tCO.e)
City-wide 312171 7.033.33
2.‘, INDUSTRY Note: Energy and carbon based on primary energy.
< ) :ﬂﬁfnﬁmmm Sector Summary - Calculied 2008
End-Use Sector Final Energy (10%4 tce) Carbon (10°4 tCO.e)
@ AR L Industry 1,523.23 4,200.61
@ TRANSPORTATION Public & Commercial Buildings 1,013.97
. Residential Buildings 659.09
POWER & HEAT Transportation 642.48
Public Lighting 16.66
PUBLIC LIGHTING Water & Wastewater 962
Solid Waste 243
@, SN Urban Green Space 36.58
Note: Sector Energy and carbon include use of electricity and heat.
¥ SOLID WASTE
C Calculated Inventory for
(z URBAN GREEN SPACE Energy End-USE SectOFS

Screen 6.2 Industrial Sector Inventory

BEST Cities v1.4.4

Energy & Carbon Inventory e

The Energy and Carbon Inventory shows the sector inventories calculated by the BEST Cities tool, based on your sector and fuel
data. The inventory also shows your reported city-wide total. Review your inventory and double-check data if there are
discrepancies. Only the calculated inventory Is used for Benchmarking, Sector Prioritization, and Policy Analysis.

Industrial Sector Inventary Energy (10%4 tce) CO,e Emissions (104 tCO,e)

Total 1,623.23 4,200.61

(&% arvwine
Fuel . Energy (104 tce) CO.e Emissions (10%4 tCO,e)

@ INDUSTRY
Biomass 0.00 0.00

d PUBLIC & COMMERCIAL Coal 445.59 1,253.01
>/ BUILDINGS
Coke 548.30 1,518.26
J RESIDENTIAL BUILDINGS -
(J Crude Ol 0.05 0.12
(ﬁ TRANSPORTATION Diesel 850 18.44
Electricity 445.87 1,234.64
AL Fuel Oil 428 9.70
PUBLIC LIGHTING Gasoline 637 12.92
Heat 40.47 110.56
@, SRR Kerosene 0.80 1.70
(,' SOUD WASTE LPG 013 025
Natural Gas 20.48 33.63
-
@ URBAN GREEN SPACE Other Coal Gas (Town Gas) 232 7.35 I+
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The other energy-based sectors have a similar format for their energy and carbon inventory
results:

6.3 Public & Commercial Buildings Sector Inventory
6.4 Residential Buildings Sector Inventory

6.5 Transportation Sector Inventory

6.6 Power & Heat Sector Inventory

6.7 Public Lighting Sector Inventory

6.8 Water Supply & Wastewater Treatment Inventory
6.9 Solid Waste Sector Inventory

The Solid Waste sector inventory shows the amount of waste treated in each waste category
and emissions (mainly CH,) due only to landfilled waste.

6.10 Urban Green Space (Carbon Sequestration)

Unlike the other city sectors, which consume energy and emit greenhouse gasses, Urban Green
Space sequesters carbon. Even if the amount of carbon sequestration is relatively small, the
inclusion of trees and other vegetation has multiple environmental, climatic, and social benefits.
The inventory screen for Urban Green Space shows the area of green space and the amount of
CO,e sequestered.

8 .00 BEST Cities v1.4.4

Energy & Carbon Inventory

BEST Cities
GiyA 7

T The Energy and Carbon inventory shows the sector inventories calculated by the BEST Cities tool, based on your sector and fuel
data. The inventory also shows your reported city-wide total. Review your inventory and double-check data if there are

discrepancies. Only the calculated inventory Is used for Benchmarking, Sector Prioritization, and Policy Analysis.

_ Urban Green Space Sector Inventory

C CTVWIDE Urban Green Space Sector Inventory Area (10%4 m2) CO,e Sequestered (10%4 tCO.e)
Total 3,658.00 36.58
dy ) INDUSTRY Urban Green Space » Area (104 m2) CO.e Sequestered (10%4 tCO.e)
@ PUBLIC & COMMERCIAL Total Area of Urban Green Space 3,658.00 3658
BUILDINGS

PUBLIC LIGHTING

@ WATER & WASTEWATER

Ci/ SOLID WASTE
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Screen 7: Benchmark Results

Utilizing City and Sector Data, as well as results of the Energy and Carbon Inventory, BEST Cities
calculates 33 Key Performance Indicators (KPIs) for your city. The tool then conducts
benchmarking of those KPIs with other cities in China and internationally, drawing on a database
of nearly 300 cities. The KPIs are reported as ratios so that they can be easily compared across
cities.

Filtering and Selecting Comparator Cities: To conduct meaningful benchmarking, the BEST Cities
tool allows for filtering of comparator cities by Population, Climate Zone, Human Development
Index (HDI), and Industrial share of GDP. A drop-down menu in the mid-right corner of the
screen allows selection of a filter. Appendix 3 lists the numerical ranges for each filter variable.
Your city appears as a golden bar in the graph, while the filtered comparator cities appear as
purple bars. The tool also allows users to select or de-select particular cities for benchmarking.
The user can scroll through the list of cities with data for a particular indicator, and check or un-
check the box in front of each comparator city. These manually-selected (unfiltered)
comparator cities will appear as blue-colored bars in the graph.

Screen 7.1 shows an example of benchmarking for a City-wide Indicator: Primary Energy Per
Capita (tce/person). In the example, City A is compared to other cities of a similar population
size, from a database of 288 cities. The data for City A are shown in the golden bar, the
comparator cities filtered by Population are shown in purple bars, and cities manually selected
from the checklist are shown in blue bars.

Screen 7.2 gives an example of benchmarking for the Power & Heat sector: Share of Renewable
Energy in Local Electricity Supply (%). Fewer cities in the database had this data, so no filter is
applied. City A shows a value of 10% renewable energy, ahead of Shanghai at only 2%, but not
as good as Guangzhou and Delhi at 12% and Mumbai at 21%.

Screen 7.3 looks at Transportation energy per capita (tce/person), as a benchmark of the overall

energy intensity of the Transportation sector.
To generate a JPG file of a chart, click on Export.
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Screen 7.1: Benchmark Results—City-wide Energy per Capita

The Home button Cities filtered by Population

Your city is the golden bar. are the purple bars.

returns you to the main

menu.

KNS I—— — s BEST Cities V1. 4.4,

Benchmark Results T e

Choose a Sector and a Key Performance indicator from the menu to compare your city to others on the chart belovs. Uncheck a
city in the table to remove it from the chart. Striped bars are proxy data. To generate a JPG file of a chart, click or: Save Image.

Select o KPI Primary Energy Consumption Per Capita (city-wide, per year)
Primary Energy Consumption
Per Capita (city-wide, per year) ]
(%) mouster ltoe/person] H
GHG Emi Per Capl ¢ :
; PUBLIC & COMMERCIAL missions Per Capita E
i (city-wide, per year) [tCO2e /
@y BUILDINGS P > % /
‘ a ; RESIDENTIAL BUILDINGS 2
GDP Per Capita (city-wide, per >
year) [10"4 RMB / parson] :
©) mem inmm
Q . [ -
POWER & HEAT Toronto New York Bangalore Bogota Lima Shanghai Dhaka
City A Paris Bangkok Hong Kong Mexico City Mumbai
PUBLIC LIGHTING Cities

City

& | WATER & WASTEWATER

Toronto

Phnom Penh

City A

New York

@J URBAN GREEN SPACE

Click on other Sectors or KPI to
see those Benchmark Results.
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Screen 7.2: Benchmark Results— Power & Heat - Renewable Share

8.0.0 BEST Cities v1.4.4

Benchmark Results

Choose a Sector and a Key Performance indicator from the menu to compare your city to others on the chart below. Uncheck a
city in the table to remove it from the chart. Striped bars are proxy data. To generate a JPG file of a chart, click on Save Image.

! Select o KPI Share of Renewuble Energy in Local Eleciricity Supply

Q CTYWIDE 2
Share of Renewable Energy in 20 { Ho Filter ']
Local Electricity Supply [%]
(;l,g, INDUSTRY 18
16
) PUBLC COMMERGAL 4
&) puinings 4
®»
10
() RESIDENTIAL BUILDINGS H
L3
(& mansporrATION ‘
2
' -
Guangzhou Shanghai
PUBLIC LIGHTING Sl
Cil Value
@ These results show that -1
WATER & WASTEWATER . . Mumb 210000 i
City A has fairly low share e
Delhi 12.0000
G SoLID WASTE of renewables.
Guangzhou 12.0000
(2 vewncremispace e O 100000
[l Shanghal 2.0000 v

Screen 7.3 Benchmark Results - Transportation Energy per Capita

800 BEST Cities v1.4.4

(A tone ] chmark Resul 8 i

Save Im Choose a Sector and a Key Performance indicator from the menu to compare your city to others on the chart below. Uncheck a
. city in the table to remove it from the chart. Striped bars are proxy data. To generate a JPG file of a chart, click on Save Image.

—| Select a KPI Trnnspurtnllnn Energy Use Per Capita

C’ (CITY-WIDE
Transportation Energy Use Per [ No Filter
Capita [tce/person] 05
( Ay ) INDUSTRY
Extent of Public Transit Lines 2,
{ Ib ) :HIBLLIIJENEDMEKM (length of r:wl alnu bus ‘Iimles in > §
city area) [km/kmz2] =3 o
B 0
‘ J ; RESIDENTIAL BUILDINGS §
Made Share of Non-motorized 0z
Transport (% of working trips by >
4 walking and bicycling) [%]
@ TRANSPORTATION 01
Made share of public Transit (% >
POWER & HEAT of trips by bus and rail) [%] g
ing City A
PUBLIC LIGHTING Cries
Select City Value
(& ) WATER  WASTEWATER vl Beijing 05840 i
+ City A 0.4860
( 5 SOUD WASTE These results show that
h Jinan 0.4860
D — City A has an energy- !
(2 uRaan GREEN SPACE . . UELD 03900
intensive transport sector. =l Chenaging 0.1730 b/
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Screen 8: Sector Improvement Potential

The sliders on the Sector Improvement Potential screen have been pre-set using the data
provided in the Benchmarking module. The BEST Cities sector improvement potential is
calculated as the mean of the values of all chosen peer cities with better performance.

8.0.0 BEST Cities v1.4.4

Sector Improvement Potential s v

The sliders below have been pre-set using the data provided in the Benchmarking module. The BEST-Citles sector improvement potential
value is calculated as the mean of the values of all chosen peer cities with better performance.

Core KPI Sector Improvement Potential

3 & 2 0% 50% 100%
Industrial Economic Energy Intensity k&< —
(Final energy consumption/unit fi | .
indosty industrial value added) [tce/ 10°4 l : : l ” A T | - i Gacik
RMB] " L L L L L L L L L
0% 50% ~100%
Public & St . § 49 3
Commercial g(uvl;:tlz:zullldmgs Electricity Intensity il
Buildings [ ' | IR ES B B e e
0% 50% ~ 100%
Residential Residential Buildings Energy Use il
Buldings PerCapta loa/parmont [ ' PR AU BB N e e e e i
0% 50% ~100%
2 Transportation Energy Use Per g
T 3 L
rensporiation. - Capta teeiperson] L g L T
0% 50% _100%
Share of Renewable Energy in Local ; { ?
Power &Hest " Electicity Supply | I | % | I | | | | ]
Electricity Intensity of Public Lighting i == -
Public Lighti (Grid-connected electricity fl .
ublic Lightng consumed per km of lit roads per | | | | | | | | | l | | i
year) [kWhkm] " L L " L ' L L L
0% 50% 100%
Water & Electricity Intensity of Potable Water p Override |
. Wastewater Supplv kWh/m3l | LY
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Screen 9: Sector Improvement Potential Override

If you have more detailed analysis of energy or carbon saving potential in a city sector, you can
utilize the Override function. Move the slider bar to represent the results of your city’s analysis,
and provide a reason for the override.

800 BEST Cities v1.4.4

Residential Buildings

The sliders representing each sector's improvement potential have been pre-set using the data provided in
the Benchmarking module. The BEST-Cities sector improvement potential value is calculated as the mean
of the values of all chosen peer cities with better performance. If using the over- ride function, provide the
rationale, €.g., no benchmarking data available, using proxy data, etc.

Reason for Change

Local buildings codes under development for the city could achieve a 30%
improvement in building energy efficiency over the next 5 years.

Return fo Sector Improvement P...
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Screen 10: City Authority

Decision-making authority is another consideration in prioritizing low carbon actions at the city
level. While some actions—such as improving energy efficiency of local government buildings—
can easily be undertaken within local jurisdiction, other actions—such as renewable electricity
supply—may need approval from higher levels of government. If a sector has a large
improvement potential but limited city authority, it can still be worthwhile for a city to
undertake the coordination needed for action in the sector. Appendix 3 provides definitions of
city authority utilized in the BEST Cities tool.

The City Authority screen has slider bars to select the level of authority, from 0 to 100%.
Explanations (also color-coded) are included on the right-hand side of the screen.

800 BEST Cities v1.4.4

City Authority 5T

Save Use the sliders below to indicate the authority of city officials to take action in each sector. Each step in the sliders indicates a
mage separate, discreet level of control (see Legend). Each slider must be moved from its starting positien to continue.
Sector Gty Authority Conrol Level of Conirol
0% 25% 50% 5% 1009 &
S —| National stokeholder 1-5% W
eadanta R ] [ Policy i formulated at the national level in consltation with
i s municipal governments.
o% 5% 50% 75% 1w0q | Provincial stakeholder 530% W
T rtati fl Palicy is formulated at the provincial level in consultation with
1111 ] I municipal governments on issues outside of its jurisdiction.
Multiple agency jurisdiction 30-50%
0% 25% 50% 5% 1007 Municipal government has some control of one or more
N aspects of the sector (regulatory and budgetary) but will need
Power & Heat ._ to work with other agencies to introduce change.
Policy formulator S0
0% 5% 50% 75% 1009 | Municipal government is responsible for formulating policy or
o . local regulations but may not have an enforcement role.
Public Lighting — '
NN Budget control o800
Municipal government has full financial control over the
0% 5% 50% T5% 1009 | provision of services, purchase of assets, and development
Il of infrastructure, but it may lack some enforcement role or
Water & W: - ' powers.
Regulator/Enforcer 90-100%
0% 5% 50% 75% 1009 Municipal government has strong regulatory control over the
il sector and is able to create and enforce legislation, and
Solid Waste - ' where possible sanction those entities out of compliance.
0% 25% 50% 75% 1004
Urban Green Space ] =
v
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Screen 11: Sector Prioritization Results

Upon viewing the Sector Prioritization Scores, the user can decide whether or not to consider
policies in all sectors. By unchecking the box for a sector, the user can remove it from the
priority list and not consider actions in that sector. By keeping all sectors checked, the user will
have the opportunity to view all recommended policies and then choose priority actions.

&b BEST Cities vL_4.E [pa— = &

BEST Cities  File Menu  Zoom

Sector Prioritization Resulis e

The list below shows the prierity ranking of each sector, based on the Sector Improvement Potential, the magnitude of CO.e
emissions, and the sector City Authority assessment. The overall sector Score Is determined by the following calculation:
Sector Improvement Potential (%) x Sector CO. Emissions (1044 tCO.e) x City Authority

Rank Sector Sector Improvement CO: e Emissions City Score Check priority sectors
* Potential % (10" iCO: &) Authority %

1 Industry 62% 4,200.61 75% 1,966.92

2 Urban Green Space 412% -36.58 91% 137.24

3 Public & Commercial Buildings 17% 1,013.97 50% 88.55 [
4 Residential Buildings 20% 659.09 50% 67.22

5 Power & Heat 30% 231884 4% 27.82

6 Public Lighting 85% 16.66 91% 12.90

7 Transportation 5% 64243 30% 10.30

8 Water & Wastewater 0% 9.62 53% 0.00

9 Solid Waste 0% 243 53% 0.00
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Screen 12: City Capabilities

A self-assessment of City Capabilities in each sector is used to recommend policy actions in each
sector. Appendix 5 provides definition of High, Medium, and Low capability. For each sector, and
each area of Capability—Finance, Human Resources, Enforcement—select the capability level
that best reflects your city.

8 .00 BEST Cities v1.4.4

Using your knowledge of the capabilities of the city in terms of project finance, human resources, and policy, regulation, and
enforcement, select the description that most accurately describes the situation in your city for each of the prioritized sectors
(tabs on the left).

M
INDUSTRY
(w PUBLIC & COMMERCIAL
=/ BUILDINGS
‘ J ; RESIDENTIAL BUILDINGS

() TRaNsPoRTATION

City Capability

O 238 Funding is available from municipal budget streams only. Municipal government has no experience of other financial or
partnering mechanisms.

@ Medium  Municipal government has some experience with grants, soft leans, and commercial financing instruments.

O High Municipal government has relevant experience in innovative financing mechanisms, such as perfermance contracting,
a ESCO partnerships, and carbon financing, in additional to grants, soft leans, and ecommercial financing instruments.

PUBLIC LIGHTING O Municipal government has few technically skilled staff and/or a small available workforce. Staff must be trained/or
- workforce expanded to deliver any new low carbon projects.

( ¢ | WATER & WASTEWATER

O i Municipal government has access o a highly trained/skilled person to lead the initiative and/er a medium sized

workforce available. Additional staff and/or training may be necessary to deliver any new low carbon projects. I
(™ ) soup wAsTE N
@ ) Municipal government has access to a sufficient number of trained/technically proficient staff resources, including
o skilled planners/modelers.

{ Z | URBAN GREEN SPACE

Policy. Regulation and Enforcement
City Capability
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Screen 13: Policy Appraisal

The Policy Appraisal screen matches city capabilities in each sector (entered by the user of the
tool) with the capabilities needed for individual policies (from the BEST Cities policy database).

In the example screen for the Residential Buildings sector, City A Capabilities (your city
capabilities) for the sector are noted in the blue row in the mid-upper part of the screen. Each
of the policy options for Residential Buildings is listed in a row below, and show the capabilities
needed for each policy. The Policy Appraisal screen the uses a “traffic signal” approach. “Green
means that city capabilities are well-suited to that policy. “Yellow” means that some city
capabilities may be weak and extra attention should be given if city chooses to pursue that

”

policy action. “Red” means that city capabilities are weak in more than one area for a particular
policy, and the city may want to first undertake policies with a greater likelihood for success.

By default, all the policies are selected for consideration in the city’s low carbon development
plan. You may choose to un-check a policy with a poor match of capabilities (i.e., with a “red”
stop light) to remove it from further consideration. Or you may keep all policies checked and
pursue enhancement of city capabilities for policy implementation.

BEST Cities v1.4.4

BEST Cities

Policy Appraisal © ayh o

The policies listed below are ranked based on the results of the assessment of the capabilities of the city In terms of project
finance, human resources, and policy, regulation, and enforcement in each prioritized sector, comparing each policy's minimum
requirements against the observed levels of capabilities and opportunity in the city.

Your City | EslEEERRESEESEE
Capabilities
Ih PUBLIC & COMMERCIAL
BUILDINGS —=
Gly A Capabilities
e RESIDENTIAL BUILDINGS Policy Uncheck to remove
Rating
Building Energy Labeling and Information Disclosure @ | m m
@ TRANSPORTATION 4 =nergy abeina ()
Building Workforce Training fi\ 1 m |
POWER & HEAT City Energy and Heat Maps f.\ | m 1
PUBLIC LIGHTING
Expedited Permitting for Green Buildings ® | I |
(0 WATER & WASTEWATER Green Building Guidelines for New Buildings fi\ 1 m m
More Stringent Local Building Codes @ | m h B
‘ B | SOLID WASTE Public Education Campaigns on Building Energy Efficiency and Conservation fa\ | m |
Reach Standards for Efficient Appliance and Equipment fé\ | | m
@ URBAN GREEN SPACE
Retrofit Subsidies and Tax Credits for Existing Buildings ’6\ h m h
Subsides for New Buildings that Exceed Building Code ’a h m h
Tarnets for Efficient and Renewahles in Buildings @ 1 | m [zl b/
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Screen 14: Detailed Policy Recommendations

From multiple sections of Policy Analysis, the user can click on the name of a policy to view
more information. BEST Cities contains a database of more than 70 low carbon policies,
including a 2-4 page explanation and characterization of each policy. The detailed policy sheets
include:
e Description
o Implementation Strategy and Challenges
e Monitoring Metrics
e (Case Studies
e Policy Attributes:
o Carbon Savings Potential,
o First Cost to Government,
o Speed of Implementation
e Tools and Guidance
e References

Appendix 7 contains an example of a detailed policy recommendation.
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Screen15: Policy Review

Policies selected in Policy Appraisal all show up on the Policy Review screen, meaning the user
has essentially decided to pursue them, and the only question left is how to prioritize their
implementation.

To enable comparison of “low/medium/high” rankings across different sectors, this screen
assigns very broad numerical categories to each ranking for both the cost and carbon impact
categories. These categories necessarily vary by the size of the city, as the same
recommendation will inevitably cost more and deliver a greater carbon impact in a large city
than if it were implemented in a small city. The BEST Cities tool dynamically adjusts the
numerical estimates displayed on this screen based on the city population data first entered on
Screen 4. This system was first described for Detailed Policy Recommendations, and the Policy
Review screen employs the same strategy.

The “Export as Report” function (button in upper-left corner of screen) creates a .csv file of the

analysis shown on the screen. This report can be opened in Excel or Word or similar software,
for editing and use in other reports the city might prepare.

800 BEST Cities v1.4.4

Policy Review a7

All policies selected through Policy Appraisal are displayed below, along with their attributes: Speed of Implementation, Carbon @
Savings Potential, and First Cost to Government. The estimated range of values for these policy attributes are from the BEST-
Cities database, based on the size of the city, or any override values the user entered.

Sector Policy Speed of Carbon Savings , First Cost to Override
Implementation Potential (tCO.e) Government (RMB)

Industry Industrial Energy Efficiency Loans and Innovative Funds > 3 Years 500,000 - 2.5 million > 50 million Override :
Transportation Mixed-Use Urban Form > 3 Years 500,000 - 2.5 million < 5 million
Industry Tax Relief 1-3 Years 500,000 - 2.5 million > 50 million Override
Transportation Integrated Transportation Planning > 3 Years 500,000 - 2.5 million < 5 million
Industry Benchmarking <1 Year 500,000 - 2.5 million < 5 million Override
Industry Industrial Equipment and Product Standards <1 Year 500,000 - 2.5 million < & million
Public & Commercial Buildings Cooperative Procurement of Green Products <1 Year 500,000 - 2.5 million < 5 million Override
Transportation Parking Fees and Measures 1-3 Years 500,000 - 2.5 million < 5 million
Transportation Vehicle License Policies <1 Year 500,000 - 2.5 million < § million Override 1l
Residential Buildings Green Building Guidelines for New Buildings <1 Year 500,000 - 2.5 million < 5 million
Transportation Clean Vehicle Programs 1-3 Years 500,000 - 2.5 million 5 million - 50 million Override
Industry Stretch Targets for Industry 1-3 Years 500,000 - 2.5 million < & million
Industry Industrial Energy Plan <1 Year 500,000 - 2.5 million < 5 million Override

Power & Heat District Heating Networking Maintenance and Upgrade Prog 1-3 Years 500,000 - 2.5 million 5 million - 50 million
Power & Heat Transformer Upgrade Program <1 Year 500,000 - 2.5 million 5 million - 50 million Override el
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Screen16: Policy Matrix

The Policy Matrix shows all recommendations from the prioritized sectors sorted by First Cost
and CO, Emissions Reduction Potential. The check boxes allow the user to alter the display
based on their preferences for Speed of Implementation. In the example of City A, the policies
with low cost and high carbon savings potential include “Reach” Standards for Efficient
Appliances and Equipment, for the Residential Buildings sector, since that sector has a fairly
large potential for improvement, and because the city capabilities for implementing policy in
that sector are sufficient for this particular policy (appliance standards). The highest priority
policies are found in the upper right cells of the matrix (color-coded with bright green).

Al BEST Cities v14.8 — | = = |

BEST Cities  File Menu  Zoom

Policy Matrix G

The matrix below shows all recommendations from prioritized sectors sorted by First Cost and CO: @
Emissions Reduction Potential. The check boxes allow the user to alter the display based on Speed of
Implementation.

Filter by speed of
imp\em);ntaﬁon =1 Year 1-3 Years =3 Years Policy Priority [ Low Medium High W Very High

First Cost to Government (RMB)
> 50 million 5 million - 50 milllon < 5 milllon

= Fuel-switching

* Power Investment subsidies and tax
incentives for Renewable Energy

= 2.5 million

+Energy Audit/ Assessments + Benchmarkin
= Incentives and Rewards for Industrial ¥ ) 9
™ Energy Efficiency « Energy Management Standards + Industrial Energy Plan
é - Industrial Energy Efficiency Loans and +Energy Manager Training + Stretch Targets for Industry
E Innovative Funds + Recycling Economy and By-product Synergy +Industrial Equipment and Product
B . T Relief Activities Standards u
g' « Retrofit Subsidies and Tax Credits for + Low-carbon Industrial Parks + Differential Electricity Pricing
b4 Existing Buildings +Subsides for Mew Buildings that Exceed + Cooperative Procurement of Green Products
(] . Retrofit Subsidies and Tax Credits for Building Code - Targets for Efficient and Renewables in
Existing Buildings + Financial Incentives for Distributed Buildings
Generation in Buildinas - Mrnam Duildin s Ouidslines fae bl

+ Energy Performance Contracting and
Energy Senice Companies

+ Municipal Building Energy Efficiency Task
Force

+ Expedited Permitting for Green Buildings
+ City Energy and Heat Maps

« Public Education Campaigns on Building
Energy Efficiency and Conservation

+ Expedited Permitting for Green Buildings -

'%

Carbon Savings Potential (tCO:e)
[»][«]

+ Landfill Methane Recovery
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Screen17: Priority Policies

Finally, the Priority Policies section of the tool shows the city's prioritized list of low-carbon
policies, based on data and analysis by the BEST-Cities tool. The user can click on a policy name
to see details (Description, Implementation Strategies, Metrics, Case Studies, and Attributes). All
Policies are saved in html and can be printed separately using the export function.

8 .00 BEST Cities v1.4.4

Priority Policies 8T o

This Is your city's pricritized list of low-carbon policies, based on your data and analysis by the BEST Cities tool. Click on a policy
name to see details (Description, Implementation Strategies, Metrics, Case Studies, and Attributes). All Policies are saved in
html and can be printed separately. Use the Export function in the File Menu to save a list of your Pricrity Policies.

Recommendation Sector

Energy or CO2 Tax Industry

More Stringent Local Building Codes Public & Commercial Buildings

More Stringent Local Building Codes Residential Buildings

Reach Standards for Efficient Appliance and Equipment Residential Buildings 1
Vehicle Fuel Economy Standards Transportation

Public Transit Infrastructure: Light Rail, BRT, and Buses Transportation

Renewable Energy and Non-fossil Energy Targets or Quotas Power & Heat

High Priority Low-Carhon Policies

Recommendation Sector

Benchmarking Industry

Energy Audit / Assessments Industry

Industrial Energy Plan Industry

Streteh Targets for Industry Industry

Industrial Equipment and Product Standards Industry

Differential Electricity Pricing Industry

Energy Management Standards Industry

Energy Manager Training Industry

Recycling Economy and By-product Synergy Activities Industry

1 oy jal Parks Industng 7
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PART IV: Related Tools: BEST Cities, GREAT, ELITE Cities,

Urban RAM

As the most recent of the four bilingual low-carbon tools developed by the China Energy Group
to assist Chinese policymakers and researchers with low carbon planning, the BEST Cities tool
builds upon the experiences and functionalities of the three existing tools. The first two low-
carbon planning tools — the Urban Form Rapid Assessment Model (Urban RAM) and the Green
Resources & Energy Appraising Tool (GREAT) for Cities — were developed to help cities and
regions identify and quantify the major local sources of energy consumption and CO, emissions.

The Urban RAM tool specifically helps cities better understand the major contributors to its
energy and carbon footprint from both an embodied and operational perspective. It is distinct
from the other tools in that it incorporates a life-cycle modeling approach to quantifying local
energy consumption and emissions, and thereby identifies key drivers of and areas of
opportunity for reducing a city’s energy and carbon footprint.

The GREAT Cities tool, on the other hand, uses a bottom-energy end-use based modeling
approach that can track energy consumption to a very detailed end-use and technology level for
different geographic scopes. Because it is built using an accounting framework, the GREAT Cities
tool can also track and quantify energy production and resource extraction beyond the scope of
only energy consumption. The GREAT cities tool also distinctly provides the functionality for
conducting scenario analysis to evaluate and quantify the potential energy and emission
reduction opportunities and policies. Both the Urban RAM and GREAT Cities tools complements
the BEST Cities tool by providing more detailed and nuanced perspectives on the key sources of
local energy use and energy-related CO, emissions. While GREAT Cities can also be used by local
policymakers to evaluate potential energy and CO, reduction strategies, it differs from BEST
Cities in that it requires users to have more information about these strategies and design
representative policy scenarios to quantify potential savings.

The Eco and Low-carbon Indicator Tool for Evaluating Cities (ELITE Cities) was developed as a
benchmarking tool to help Chinese policymakers evaluate the performance of their city against
benchmark performance goals for 33 key indicators in 8 different categories and an overall
weighted performance. The benchmark performance for each indicator and overall performance
are set using Chinese targets or exemplary performance or international best-practice standards
and performance. As a benchmarking tool designed to help evaluate performance, ELITE Cities is
most helpful to local policymakers in defining and evaluating the status and progress of low
carbon eco-cities. This is similar to the benchmarking functionality that is also offered by the
BEST Cities tool. However, unlike BEST Cities, ELITE Cities does not provide users with
information on specific strategies to reduce local energy use and CO, emissions and thus cannot
directly inform cities in the development of low carbon action plans. Figure 1 provides a
graphical representation of the key areas of focus for the four low-carbon tools.
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Figure 4. Overview of China Energy Group's Low Carbon Tools and Focus Areas

In summary, the BEST Cities tool combines elements from previous tools to provide both a quick
assessment and benchmark of a city’s energy consumption and low carbon performance.
However, it differs from other tools in that it uniquely provides policymakers with specific
information on concrete and appropriate reduction strategies that can be incorporated into low
carbon action plans.

For more information or to download these tools, please visit:
e Urban RAM: http://china.lbl.gov/tools-guidebooks/urban-ram
e GREAT: http://china.lbl.gov/tools-guidebooks/great
e ELITE Cities: http://china.lbl.gov/tools-guidebooks/elite-cities

44


http://china.lbl.gov/tools-guidebooks/urban-ram
http://china.lbl.gov/tools-guidebooks/great
http://china.lbl.gov/tools-guidebooks/elite-cities

BEST Cities — User Guide

PART V: Data Sharing and User Feedback

In occasion where users would like to share data of different cities, user may do so through
“Export City Data”, “Import City Data”, and “Manage City Imports” tab inside the “File Menu”
sitting on top of the tool screen. City data can be exported either as a zip file or a csv file. Users
can then send this data file as a mail attachment to other users. Users can also send their city
data to LBNL that can be incorporated as part of benchmarking data in the future. To do so,
simply check the box that locates beneath “Export Zip” tab.

a8 BEST Cities vi44
BEST Cities | File Menu | Zoom
Save City Data S

Export City Data
Import City Data
Manage City Imports

Save Image

Export City Data

| You can export your city data in two different formats.

Export your city data as a zip file

| Export Zip |

This will allow you to send your city data to other BEST Cities tool users and allow them to
import your city data to compare to their own city.

[:I Checking this option when exporting your city data as a zip file to other(s) will also
| automatically send a copy to LBNL.

Export your city data as a csv file.

|
|

This will allow you to export your city data into a spreadsheet

Users who receive an exported city data file can import the data stored within to the tool
through “Import City Data” tab. If users would like to remove the imported city data file, please
do so through “Manage City Imports”, from where users can delete an individual city data file.
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City Import Manager

The list below displays all the cities you have imported into BEST. To remove
them click on the 'Delete’ button

orvs

For more questions and feedback regarding the BEST Cities tool, or to contribute benchmarking
data for the tool, please contact any one of the following.

Nan Zhou (NZou@lbl.gov)
Lynn Price (LKPrice@Ibl.gov)

China Energy Group

Energy Analysis & Environmental Impacts Department
Environmental Energy Technologies Division
Lawrence Berkeley National Laboratory

Berkeley, CA, USA

Hu Xulian (huxl@eri.org.cn)

Energy Research Institute
Beijing, China

Hu Min (humin@efchina.org)
Energy Foundation China
Beijing China
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Appendix 1: Data Gathering Spreadsheet (in Chinese)

BEST-LCC Highest Priority
ELITE

BEST-LCC Others
Calculated Indicators

City-Wide Data (3 1l S AT Hr5(3E)

APPENDICES

Indicators

EEZL2D

Population (persons)

A O

Urban Land Area (km2)

WATAT BRI AR G5 A 5D

Service as % of GDP

FE=r" V&5 GDP tLE (%)

Industry as % of GDP

Tolk5 GDP LLE (%)

Decomposed Indicator

Population (persons)
Urban Land Area (km2)

GDP

Tertiary sector GDP
Industry GDP

HDI

IHEAERR oo
INEINON)

ITEXRIER CFT24

ED)

AT BE (JT70)
F=r e (370
Toly3ghnfE (7o)
NER TR

HERE (FEHR G,
e, BREEERERNA

L))
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Energy & Climate Data (BEVE S EEIE)

R (FUE RIS HE, (5 b

Decomposed Indicator | ZMEIERF HiE HEAE, BREEEREFHA Fip BERLRIE B, BT
£z )

Annual CO2 emissions AT AR A IR HETR

(104tons) B D

Annual Residential TR R SRR

Building Energy HIRE bR

Consumption (104tce) jc9)

Total floorspace of S

residential buildings %Eﬁ;)‘g;}é%ﬁ%ﬁﬁﬁ

(m2) 7

Annual Public Building s

Electricity Consumption %ggﬂiﬁiﬁf%ﬁ

(kwh) s

Total floorspace of AT A S AR S T T AR

public buildings (m2) CFIKD

Annual Primary Energy AT — URRETRTY 2%

Consumption (10%tce) B AR

#yE: FIHARVRERE XA, KEHEE, /KH, HiigE, £V, NEHEEH
Indicators Ei=a) U At

GDP per capita (10°RMB/capita)

NBE WA S fE T/ N

Primary Energy Consumption per capita (tce/capita)

NIRRT B (bRt D

CO2 Intensity (tons/capita/year)

TRABRHEBORE (/N /4D

Residential Building Energy Intensity (kWhe/m2/year)

JEAERSREAR IR (T B/ I K/4)

Public Building Electricity Intensity (kWh/m2/year)

NIEGUFEREE (T R/ PR/

Share of Renewable Energy in total Electricity Purchased (%)

R HAERLEE (%)
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Industry Data (T )NV/EHE)

Decomposed Indicator

Total Industrial Value-Added
(104RMB)

Steel Production Final Energy
Consumption (104tce)

Steel Production Physical Amount
(104 tonnes)

Building Materials Final Energy
Consumption (104 tonnes) m

Building Materials Value-Added (10°

RMB)

Cement Production Final Energy
Consumption (104 tce)

Cement Production Physical
Amount (10 tonnes)

Flat Glass Production: Final Energy
Consumption (1O4tce)

Flat Glass Production Physical
Amount (1O4tonnes)

Chemicals Final Energy
Consumption (104 tce)

Chemicals Value-Added (104 RMB)

Synthetic Ammonia Production
Final Energy Consumption (104 tce)
Synthetic Ammonia Production
Physical Amount (104 tonnes)
Ethylene Production Final Energy
Consumption (104 tce)

Ethylene Production Physical
Amount (104 tonnes)

Textile Production Final Energy

7 RTEPR

A (Fi76)
I PSRN PR (TN
FREAD

R (T
e £ S RN 2
i IIGERIE)
LRGP A (T3
)

AKURE P TR AEIH R (TN
FRIERD)

KPP B I

TR RLASRAEIN R R (Ting
FRIERD

TSR (i)

FCF IR B I A 225
UM B I MRIERD)

HE2 IR A7) b
i (Jize)

EREVE PR R (T
MERAERE)

EREP R (TN

IR AR IR B (TG
FREAD)

IR B TN

GiZOb & B 2 R (T MibR

EJE]
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Consumption (10" tce) HERE

. . 4
Textile Production Value-Added (10 G HIE (T57E)

RMB)

Food Industry Production Final B AR REIR I B ()
Energy Consumption (10° tce) IR

Food Industry Production Value- R IE (D)

Added (10" RMB)

ik BHMEHER BLR RS R i fholk
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Public & Commercial Buildings Data (A 352 F1H3E)

Decomposed Indicator

Total Area of Public & Commercial
Buildings (m2)

Total Area of Green-labeled
Buildings in the City (mz)

Total Area of All Buildings in the City
(m?)

Total Installed Capacity of
Renewable Energy Systems Installed
in Public & Commercial Buildings in
the City (kW)

Total Installed Capacity of CHP
Systems Installed in Public &
Commercial Buildings in the City
(kw)

District Heating Supplied City-wide
from Co-generation Facilities in the
City (10"°KJ)

JEHE CAMED 104tn

PR D 104tn

Rl CAMED 104tn

S (J3E) 104tn
WA (M) 104tn
KRS (JiALJiK) 104cu.m
HAES (J33252K) 104cu.m
B4 (G TR 104kwh

7 RTEPR EJE]

WIFRFURTHAR ((FI7K) m2
Wikt br N H i G
K) m2

T T B FUSEAA CPA )
m2

WA SL S AT A R IR R A R
MR (T kw

BT SRS R R ST
B TR kw

I TIT BRI L I8 ) 4 R L
(HBEFATE) 107

NICEFREIRIE P Fhr
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#) AT 1010K)

Residential Buildings Data (JE{X & HEHE)
JEAE SRR IR T 7 & A BERLRIER I
JRAE CHD 104tn
BRER (J5) 104tn
WS (T30 104tn
RIRR, CFHALTTK) 104cu.m
HAES (JILHK) 104cu.m
H7) (TR 104kwh
#IJ) CHE R T4) 1010K)

Power & Heat Data (5 77& % 1 53E)

BRRE (FEHIR ST
7 EIERR K ¥aE, HEHE, BR EH FRLRIR
BRiE R AW

LW RAE (JITRED

e AR MR O TR (1]

KRABFERE RS Gabssi/ T L)

RIFER R CIMibRHERY T E T8

AR AR ORISR R AR/ T IR

RPGER AW RS TSR SR/ AT
£

ks (1) W EEREIH AR KR, SRR, KA, HiEeE, EVRRE, AEIEZENUKIH RE UK
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Indicators TBFR ARG R
Share of Renewable Electricity Supply in Local Electricity s < o
Consumption (%) AT AT AR e IR H AR o H TV B LA (%)
Water & Wastewater Data (7K & E/K )
Indicators izt T2
Municipal Water Consumption per Capita per Day \ . =
(liter/capita/day) NBIFRAEERKE (FHN/RKD
Industrial Water Consumption per 10,000 RMB (liter/ — e = =
10,000 RMB) Jige ISP E KR (/o0
Wastewater Treatment Rate of total wastewater (%) JRIKASFER (%)
Drinking Water Quality of total drinking water (%) ;EJ g(ly:);é& UL BB IRH R K i b Kb
Recycled Water Use of total Municipal Water (%) ARV FH K FR AR AR KAl B (%)
Energy Intensity of Municipal Water Supply(kWhe/l) E SRR LN ReFEsRE (T FLES /)
e
e B GO
Decomposed Indicator AN it g ﬁ% §ﬁ§ﬁ% F BRI RIE B REEE,
: B D

Total Water Supplied City-wide Per Year
(104 tonnes)
Total Amount of Wastewater Treatment
(104 tonnes)

EMEFEKENEE T
EMRERKAAEE D

=EF AN

Total Municipal Water Consumption (104
tonnes)

EWEEAFKEE O
Wil

Total Industrial Water Consumption (104
tonnes)

TEHE T A K S E (J70)

Total Annual Industrial Ouput Value
(10,000 RMB)

EmAETIEE ()

Total Amount of Wastewater Generation
(104 tonnes)

EMRERKEE (T
L)
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Total Amount of Drinking Water comes = — K v
from Grade Il or above Water Sources éiﬁhﬁﬁsi H :ﬁ& D LA
WRHAKE (S277K) (1]

(m3)

Total Amount of Recycled Water Use in AT R AR TG F K R AR KA
total Municipal Water (m3) AE GLAFX)

Total Energy Consumption to Supply AT RFAEAL N H SR K BEIRIE 27
Municipal Water (kWhe) & (TR

i

(1] b3 /KI5 247 14E GB 3838-2002

WA F K AR BE D REAIORY H AR, #2 DR (AR K 4 128

| K——FEEHTHERK. BREHRETX

1 28— —EB0E TS i A SO AR KR — 2R X . BRKAEAYI S, IS 00, A HESh 0 R H I %
12— — 3 B3 T4 R AT O K K PR AR X . BRI A7 TR . 7K FR 0 X 5 K 38 R it vk X

IV —— T BE AT — b K X B N AR B A i 408 5k AT K X
V R ——FZE T AR KX e — i 5t SR KI5

IR RE R YA 2 = Ty BERLRYE
JRE (T30 104tn
£k (M) 104tn
Semt (30D 104tn
BREHE (5D 104tn
VR (J3RE) 104tn
B CAMED 104tn
AR (D) 104tn
WA (T30 104tn
R, (JIALT5K) 104cu.m
HAPES (J332HK) 104cu.m
M7 CHTFIAD 104kwh
#I CHAEJ T4 1010K)
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Air Data (&S 538)

HARRE (ARG
7 EIERR Bk ¥, GEEEE B EH FRLRIE
BRiE & KA

#E (MR MEHEE
¥R, HEATTR
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Solid Waste Data ([E 14 B Y 5HE)

Indicators

EEEAN

RCESEN

Municipal Solid Waste Intensity (kg/capita/year)

NPT AE R (T 3/ N4

Municipal Waste Treatment Rate of Total Collected MSW (%)

ST AEE LR FE KB R (%)

Industrial Recycling Rate (%)

TovE A EYER G E (%)

Decomposed Indicator

Total Collected Municipal
Solid Waste (104 tons)

Total Landfill (104 tons)

Total Composting (104 tons)

Total Incinerated Waste (104
tons)

iy L

SRR A VE Bk E I
® (I
ETEERIRIEEE O
e )

EEENIRHELE (77
e )

EWEENIRE R (7
i)

i

BAmRE (FER RS
Bk, mHEEE BR Eh
BARER T K AW

#IE (QRE
HaRE SR,
EERTTE)

Total Treated Municipal Solid | & TR AETER IR L E
Waste (104 tons) AR )

Total Industrial Solid Waste AT A A b [ A PR A = AR
Generation (104tons) @A)

Total Utilized Industrial Solid ST EE TV ER RS &
Waste (104tons) FIH= G

Transportation Data (32 & #(#%)

7 EIERR

Bk (FEYI RS,

Bk
1))

YR, BRBETLRERA

4 FRLRIER

£ (WRREHERBRLE,
TR

NZLW (AZE, B,
B, BHE KE

S NI R AT BRI
O
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S NI R A AT RS T

€/0)
A p, 500 K427 56 THI R
CEAAED

SRR CFI5 2 5D

B (ORHEAE) S5
(9

T R B AT B IRIR R A
) 1]

ST NI AR AT RS
o

S ABIREPAT M A AT AR

AT (PO

ke (1) WREAGHREINA R EEh ., WA, EWIRELR 16l HEE X LU KIH 4

A IEABIRH P T FORLRUE #HTE
Seuh CAMED 104tn
iRl CAmED 104tn
WA (Ji) 104tn
W) (3T EAD 104kWh
Indicators fetw R

Public Transportation Network Penetration (km/km2)

AZEMERE CAR/THAR)

Public Transportation Share of Trips of all trips (%)

AFZEEE (%)

Mode Share of Non-motorized Transport of working trips(%)

TAEHATARNLENE CRATRIBATE) Bl (%)

Access to Public Transportation of Built Area (%)

Municipal Fleet Improvement of Total Vehicles (%)

N Ak R 500 KAAR 7 o AR o AR XS AR LB (%)
T RERIHT REIRI A A AL (%)
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Public Lighting Data (A 3L HR B )

B (E RS IR - A

#E (MREAFESERE

VAN ==t iz ?jﬁﬁ  BHEHEERERA 45 BRIRR 2 B )

Wi ERA AR (5 TR

i)

iR EE RS (A

Economy & Health Data (£ 5F & & FEEHE)

HAmRR (FE
RS £ (gL

Decomposed Indicator Py ==t oy ﬁ: gigﬁ E4 FRRIE %;ﬁgigﬁ
EREFH %)
W7

Total number of economically active 2N SR PNIE ST

population (persons) N

Total number of employed population S AR SR (O

(persons)

Annual environment protection spending ETEERMEZE

(10,000 RMB) Ji)

Annual R&D investment spending (10,000 EMEENREZH (T

RMB) JG)

Areas of organic certification of agriculture M UIE G BLAR FH b T

land (km2) M CPEFAR)

Total Areas of agriculture land (km2) g;ﬁf@gﬁ%ﬂ CPE %

Indicators Ei=ti THEER

Employment percentage of eligible adults (%) ol (%)

Environmental protection spending ratio of annual GDP (%) EMEFEFRZH 5 GDP BRI (%)

R&D investment ratio of annual GDP (%) M EFET AT S GDP BRI (%)
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Organic certification of agricultural land percentage of total agricultural land (%)

BONEATA R R S A FREEE ] (%)

Land Use Data (35| %)

BARRA (LR R AT HIE, i

- ; ; . B R AR ERERLEE,
iy Xt 4R HY0E, BRBETCREXRH G BRLR IR s ;
i) HERATTE
W gt S AR CPr AR
LHIRA AT CE AR | | |
Indicators Ei=t TR R

Green Space Intensity (m2/capita)

A3gghiEiR CGFI5oR/0

Share of Mixed Use Zoing in total area (%)

e FREER] (%)

Urban Land Use Intensity (m2/capita)

i ASIRHERR IR/

Societal Wellbeing Data (£ BEEHE)

Decomposed Indicator

TIFELEIR

e

SR (T

G » 5B -
2. BREGEERE 0 JOPOR
SN

#F (WREME
EEREEE - 7E
BIE)

Total number of health care
practitioner (persons)

S IERAAREE (A

Total number of works from higher
education (persons)

EMREFHE (KERMDLE)
MAEAFUEEL CA)

Total number of households

EMHREL (F)

Total number of households with
internect connectivity

EHELRENSEL (F)

Total floorspace of affordable
housing (m2)

e FrEAFEmER (FJ7
oK)

Total floorspace of housing (m2)

EiEEEALEER (CF5

59




BEST Cities — User Guide

ESTTRRIE SLEE SERIR M

B T MRCASER BT SERER TR L FSRGER BT SEREL TTHE O

60



BEST Cities — User Guide

Appendix 2: China’s Five Climate Zones

Hot Summer
Cold Winter /

English Chinese (F732)
Severe Cold FEFEHRIX
Cold TV HIX
Temperate TR [X
Hot Summer Cold Winter AL HIX
Hot Summer Warm Winter HRAREHIX
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Appendix 3: Categories for Benchmark Filters

The following categories are used in Benchmarking to filter cities into peer city groups:
a. Population
i. £499.999
ii. 500.000-999.999
iii. 1 million—4.999.999
iv. 5 million—9.999.999
v. 210 million
b. Climate zone
i. Severe Cold
ii. Cold
iii. Hot Summer/Cold Winter
iv. Hot Summer/Warm Winter
v. Warm

i. 0-0.199
ii. 0.2-0.399
iii. 0.4-0.599
iv. 0.6-0.799
v. 0.8-1.0

d. Industry Share of GDP
i. 0-0.399
ii. 0.4-0.499
iii. 0.5-0.599
iv. 0.6-1.0
e. Service Sector Share of GDP
i. 0-0.299
ii. 0.3-0.399
iii. 0.4-0.499
iv. 0.5-1.0
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Appendix 4: Definitions of City Authority (for Sector
Prioritization)

BEST Cities - City Authority (Level of Control) Definitions

Level of Control % Control Description
National Stakeholder 1-5% Policy is formulated at the national level in
consultation with municipal governments.

Provincial Stakeholder ~ 5-30% Policy is formulated at the provincial level in
consultation with municipal governments on issues
outside of its jurisdiction.

Multiple Agency 30-50% Municipal government has some control of one or

Jurisdiction more aspects of the sector (regulatory and budgetary)
but will need to work with other agencies to introduce
change.

Policy Formulator 50-75% Municipal government is responsible for formulating

policy or local regulations but may not have an
enforcement role.

Budget Control 75-90% Municipal government has full financial control over
the provision of services, purchase of assets, and
development of infrastructure, but it may lack some
enforcement role or powers.

Regulator/Enforcer 90-100% Municipal government has strong regulatory control
over the sector and is able to create and enforce
legislation, and where possible sanction those entities
out of compliance.
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Appendix 5: Definitions of City Capabilities (for Policy
Prioritization)

BEST Cities - Definitions of City Capability

Area City Description
Capability

Low Funding is available from municipal budget streams only.
Municipal government has no experience of other financial or

partnering mechanisms.

Medium Municipal government has some experience with grants, soft
loans, and commercial financing instruments.

Finance

High Municipal government has relevant experience in innovative
financing mechanisms, such as performance contracting, ESCO
partnerships, and carbon financing, in additional to grants, soft
loans, and commercial financing instruments.

Low Municipal government has few technically skilled staff and/or a
small available workforce. Staff must be trained/or workforce
expanded to deliver any new low carbon projects.

Medium Municipal government has access to a highly trained/skilled
person to lead the initiative and/or a medium sized workforce
available. Additional staff and/or training may be necessary to
deliver any new low carbon projects.

Human Resources

High Municipal government has access to a sufficient number of
trained/technically proficient staff resources, including skilled
planners/modelers.

Low Municipal government is responsible for master or strategic
planning, but engagement with other agencies is weak. Municipal
government has limited capacity to regulate at the local level.
Enforcement is weak.

Medium Municipal government has the ability to regulate local activity in
this sector. Enforcement is in need of strengthening, however.

Policy Enforcement

High Municipal government is responsible for all regulatory standards
and policies. Municipal government has enforcement powers,
which it uses effectively.
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Appendix 6: Policy Attributes and Numerical Ranges based
on City Size

— Speed of Implementation: low (<1 year), medium (1-3 years), high (>3 years)

— Carbon Impact Potential: low, medium, high

Carbon impact potential in TCO,. (note variation across different sized cities)

Population
< 500,000 500,000 — 1 million — 5 million — >10 million
999,999 4,999,999 9,999,999
Low <50,000 <125,000 <250,000 <500,000 < 1 million
Medium 50,000 - 125,000 - 250,000 -1.25 500,000 -2.5 1 -5 million
249,999 625,000 million million
High >250,000 >625,000 >1.25 million >2.5 million >5 million
—  First Cost : low, medium, high
First Cost (in RMB) (note variation across different sized cities)
Population
< 500,000 500,000 — 1 million — 5 million — >10 million
999,999 4,999,999 9,999,999
Low <500,000 <1.25 million <2.5 million <5 million < 10 million
Medium 500,000 -5 1.25 million — 2.5 million = 25 | 5 million — 50 10 million —
million 12.5 million million million 100 million
High >5 million >12.5 million >25 million >50 million >100 million
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Appendix 7: Example Policy Recommendation: Energy
Audit & Assessment

Description

Conducting an energy audit or assessment of an industrial enterprise involves collecting data on
the major energy-consuming processes and equipment in a plant as well as documenting
specific technologies used in the production process and identifying opportunities for energy
efficiency improvement throughout the plant, typically presented in a written report.
Standardized tools, informational materials, and other energy-efficiency products are often
provided during the audit. Some audit programs, like the U.S. Department of Energy’s Energy
Savings Assessments program, provide a directory or network of accredited auditors.

Energy audits or assessments are sometimes coupled with benchmarking, as a way to quickly
identify the energy-savings potentials before conduct a full energy assessment. For more
information on benchmarking, please see policy “Benchmarking”. To incentivize use of energy
audits or assessments as well as adoption of recommended energy efficiency technologies and
measures, fiscal incentives, such as fiscal rewards (“Subsidies and Rewards for Industrial Energy
Efficiency”), energy efficiency loans and funds (“Industrial Energy Efficiency Loans and
Innovative Funds”), or tax relief (“Tax Relief”) can be provided. Other policies, such as a national
or sub-national energy or CO, taxes (“Energy or CO, Taxes”) or differential electricity pricing
(“Differential Electricity Pricing for Industry”) could also incentivize industrial plants to achieve
higher savings through conducting energy audits and implementing the recommended energy-
saving measures.

Implementation Strategies and Challenges

Implementation Activity Description

Identify implementing organization The local government designates an existing
governmental agency, a local research institution,
or a third party to implement the energy auditing

program.
Establish the energy audit program The designated implementing organization
design determines the energy audit or assessment

program design by identifying key elements of the
program, including program scope (targeting
sectors and industries), program duration (1 year or
multiple year program), program budget (e.g.,
government funding for subsidies, technical
assistance and training), and program requirements
(e.g., types of energy auditing, required standards

to use, required data reporting, and monitoring).

66




BEST Cities — User Guide

Identify qualified energy auditors

The designated implementing organization
identifies qualified energy auditors through a
certification or accreditation process, or hires
qualified third-party energy auditors. A list of the
qualified energy auditors can be publicized and
available for industrial enterprises to contact.

The auditor should consult plant personnel
regarding the scope of the audit, seek information
regarding areas of priority, discuss the planned
audit methodology, and define the audit timeline.

Develop and provide standardized
auditing methodologies and tools

The implementing organization can work with
industrial associations, industrial companies, and
research institutes to develop energy auditing
standards, software tools, and data collection
templates. Specific standards or tools can be
developed for specific industrial sectors.

Provide training and technical
assistance

The implementing organization can provide training
and technical assistance related to conducting
energy audits to energy auditors, energy managers
at the industrial companies, or to the top
management of the companies, through online or
in-class training, guidebooks, information sheets,
case studies, and other information dissemination
channels.

Conduct energy audits/assessments

Energy audits are conducted in industrial plants,
either using in-house energy engineers or third-
party energy auditors that meet the qualifications
of the program.

Develop a database of energy audit
results

To better use the results of energy audits, the
implementing organization can develop a database
to collect, aggregate, and analyze the results of
energy audits, including identified energy savings
potentials, cost savings, recommended energy-
saving measures, implementation rates, and
realized energy and cost savings, by industrial
sectors.

Announce awards and/or publicize
case studies

The implementing organization can incentivize
industrial companies to conduct energy audits and
to implement energy-saving measures through
awards or case studies to provide positive publicity
to the top energy-saving enterprises.
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Implementation challenges include a lack of financial support for energy audit programs, lack of
standardized energy auditing/assessment standards, methodologies, software tools, or
templates; lack of qualified energy auditors; lack of databases for aggregating and analyzing
energy auditing results for policy decision purposes; lack of post-audit evaluations regarding
implementing rates of recommended energy-saving measures.

Monitoring Metrics

Monitoring metrics for energy audits/assessments include:
e Number of industrial facilities that undertake energy audits/assessments per year
e Average estimated energy and cost savings per facility
e Average estimated energy audit costs per facility and per unit of energy saved
e Recommended energy-saving measures
e Implementation percentage of energy audit recommendations

Case Studies

Industrial Assessment Centers (IACs), U.S. Department of Energy
http://www1.eere.energy.gov/manufacturing/tech_deployment/iacs.html

The U.S. Department of Energy (DOE)’s Industrial Assessment Centers, located at 24 universities
throughout the U.S., perform in-depth assessments of small- and medium-sized industrial

facilities including a detailed evaluation of potential savings from energy efficiency
improvements, waste minimization and pollution prevention, and productivity improvements
(U.S. DOEa, n.d.). Each manufacturer typically identifies about $55,000 (342,025 RMB) in
potential annual savings on average. Nearly 16,000 IAC assessments were conducted between
1981 and 2013. Manufacturers are eligible to receive an IAC assessment if they meet these
criteria: (1) facility is classified within Standard Industrial Codes (SIC) 20-39; (2) facility is located
within than 150 miles of a participating IAC university; (3) facility’s gross annual sales are below
$100 million (621.9 million RMB); (4) facility has fewer than 500 employees at the plant site; (5)
facility’s annual energy bills more than $100,000 (621,861 RMB) and less than $2.5 million (15.5
million RMB); and (6) facility does not have professional in-house staff to perform the energy
assessment. Typical assessment reports include more than a dozen recommendations with
average payback period of less than 2 years. Average annual savings for measures
recommended by IACs exceeded $240,000 (1.49 million RMB) per plant and range from $50,000
(310,930 RMB) to $3,000,000 (18.66 million RMB). Potential returns on investment for IAC
audits from DOE are from $10 (62.2 RMB) to $20 (124.4 RMB) for each audit dollar. Each
university receives $200,000 (1.24 million RMB) to $300,000 (1.87 million RMB) per year for up
to 5 years to help university teams gain practical training on core energy management concepts
through DOE’s IAC program.

Save Energy Now, U.S. Department of Energy
http://www1.eere.energy.gov/manufacturing/tech deployment/
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In 2006, the U.S. DOE's Industrial Technologies Program initiated the Save Energy Now program
that provides trained energy experts to perform Energy Savings Assessments at the most
energy-intensive manufacturing facilities in the U.S. (U.S. DOEb, n.d.). The assessments targeted
the largest energy-consuming manufacturing plants, consuming 1 trillion Btu or more annually
in six industries (over 80% of the assessments were in these industries): chemical
manufacturing, paper manufacturing, primary metals, food, non-metallic mineral products, and
fabricated metal products. The purpose of the assessments is to identify immediate
opportunities to save energy and money, primarily by focusing energy-intensive systems such as
process heating, steam, compressed air, fans, and pumps. In 2006, the Save Energy Now
program completed 200 assessments at large manufacturing plants and found that the typical
large plant can reduce its energy bill on average by over $2.5 million (15.5 million RMB) per
plant, for a total of $500 million (3.11 billion RMB) in identified energy cost savings and over 4
million metric tons of CO, emissions reductions.

Comprehensive Industrial Energy Efficiency Program, San Diego, California, U.S.
http://www.sdge.com/save-money/no-cost-audits/comprehensive-industrial-energy-efficiency-
prorgam

The Comprehensive Industrial Energy Efficiency Program (CIEEP) of San Diego Gas and Electricity
(SDG&E) offers its industrial customers a no-cost facility audit to identify their comprehensive

energy efficiency solutions. Customers from the industrial sector include printing plants, plastic
injection molding facilities, component fabrication facilities, lumber and paper mills, cement
plants and quarries, metals processing, petroleum refineries, chemical industries, assembly
plants, and water and wastewater treatment plants. Four sub-programs, including audits,
calculated, deemed, and continuous energy improvement, comprise the core product and
service offerings for the industrial sectors.

Energy Audit Program, France

In 1999, an energy audit program called “Aide a la décision” (Decision Making Support Scheme)
was launched in France. This program covered both the industry and building sectors, except for
individual single houses. There are two types of energy audits defined in the program, including
simplified energy audits aimed at a wide evaluation through a quick assessment and detailed
energy audits with comprehensive detail energy audits and feasibility studies. For the industrial
sector, the annual goals of the program for the period of 2000-2006 were to conduct 600 pre-
audits in enterprises with energy use less than 5,000 tonnes of oil equivalent (toe) per year
(7,143 tce per year), and 400 general audits in industries with the energy use more than 5,000
toe/year (7,143 tce/year). The expected energy savings from the industrial sector was 58000
toe/year (82,857 tce/year). With these objectives, the annual budget allocation for industrial
energy audits was €11.4 million Euros (96.2 million RMB).1 Subsidies were given to industrial
sectors in the program in the form of co-payments for energy auditing costs. These subsidies
varied from 50% to 70% of the audit cost depending on the different types of energy audits.

! Based on the historical exchange rate in 2002: http://www.oanda.com/currency/historical-rates/.
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Subsidies or incentives were paid to the clients only after the energy auditors fulfilled the
requirements of the audit specifications and the auditing reports were evaluated by the regional
delegations of French Environment and Energy Management Agency (Despretz, 2002).

Energy Audit Program, Finland

Finland has had an active energy audit program since 1992. The program focuses on energy
audits in several sectors, including buildings and processes in the service (both private and
public®) and industrial sectors, as well as energy-intensive process industry. Finland’s Voluntary
Agreement Scheme (VA Scheme), which covered around 85% of total industrial energy use and
more than 50% of the building stock in the service sector, was launched in 1997. Because the VA
Scheme required all participating enterprises and organizations to conduct energy audits, it was
a key instrument for promoting the implementation of energy audits. After voluntarily signing
agreements with the government, the enterprises agreed to reduce energy consumption and
committed to conduct energy audits and implement suggested cost-effective energy-saving
measures found in the audits.

The Finnish Ministry of Trade and Industry (MTI) was the Ministry in charge of energy-efficiency
actions in the industrial and service sectors. MTI’s Energy Department was administrator of the
energy audit program, and supervised “large-scale energy audit projects with a total audit cost
over 170,000 Euros” and “non-standard projects of pilot nature” (Vaisanen and Reinikainen,
2002).

Subsidies were used as a main instrument to promote energy audits since 1992. Around 40% to
50% of energy audit costs were covered by subsidies. Once the VA Scheme was established,
subsidies for power plants and district heating plants and networks were also available starting
in 1998. The MTI in Finland provided 50% subsidies to industrial enterprises and municipalities
that signed agreements with the MTI (Vaisdnen and Reinikainen, 2002). The Finnish government
also granted a 10% subsidy for investments in energy-saving measures that were recommended
in the energy audit reports.

Attributes

e Carbon Savings Potential

Medium

The energy savings potential of energy auditing programs is highly related to: 1) the
potential of energy savings that is able to be identified through high-quality energy
audits; 2) the implementation rate of recommended energy saving measures; 3) the
number of energy audits that are conducted. Based on the average energy-savings
potential and implementation rates as the audits conducted by the U.S. Industrial

Public service sector refers to municipalities and non-governmental organizations.
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Assessment Centers, it is estimated that for a local city the annual energy-savings and
emission reduction potential is medium, in the range of 0.5 Mtce to 1.0 Mtce.’

e First Cost

Medium

The cost for local governments to implement industrial energy audits varies with the
number of energy audits required. Using the U.S. Industrial Assessment Center’s funding
level as a reference, the total cost for a local government is estimated to be medium, in
the range of 10 million RMB to 30 million RMB.4

e Speed of Implementation
1-3years
e Co-Benefits

Reduced carbon dioxide and other pollutant emissions, improved air quality, enhanced
public health, increased productivity, energy and cost savings for enterprises.

Tools and Guidance

Hasanbeigi, A., L.Price, 2010. Industrial Energy Audit Guidebook. Lawrence Berkeley National
Laboratory (LBNL-3991E). Berkeley, CA. http://china.lbl.gov/publications/industrial-energy-audit-
guidebook.

Industrial Energy Audit Tools. Industrial Assessment Center. University of Missouri-Columbia.
http://iac.missouri.edu/webtools.html.

U.S. Environmental Protection Agency (U.S. EPA). Plant Energy Auditing: ENERGY STAR.
http://www.energystar.gov/index.cfm?c=industry.bus_industry plant_energy auditing.

References

U.S. Department of Energy (U.S. DOE)a. Industrial Assessment Centers (IACs).
http://www1.eere.energy.gov/manufacturing/tech_deployment/iacs.html

U.S. Department of Energy (U.S. DOE)b. Better Plants Initiative.
http://www1.eere.energy.gov/manufacturing/tech_deployment/betterplants/index.html
Despretz, H., 2002. SAVE Il Project Audit Il: Country Report France.
http://www.motiva.fi/files/1921/CR_FR.pdf.

Vaisanen, H., and E. Reinikainen, 2002. SAVE Il Project AUDIT II: Country Report Finland.
http://www.motiva.fi/files/1945/CR-FIN.pdf.

* See Shanghai Memo (internal).
* See Shanghai Memo (internal).
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Appendix 8: Attributes & Capability Requirements for 72 Policy Recommendations

Policy Attributes (Sorting Tags)

Capability Requirements

Speed of First Costto | Carbon
. . . Human Enforce-
implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
Urban Green Space Policy Recommendations Write-ups
U01: Urban Green Space Program <lyear Low Low Low Medium Low
U02: Urban Forestry Management Program >3year Low Low Low Medium Medium
Speed of First Cost to | Carbon
A . . . . . . Human Enforce-
Building Policy Recommendations Write-Ups Sector implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
BO1: Energy-Efficient Equipment and Renewable
&Y auip o Residential 1-3years High High High Medium Medium
Energy Technology Purchase Subsidies
B02: Subsides for New Buildings that Exceed . . . . .
o Both 1-3years High Medium High High Medium
Building Code
BO3: Retrofit Subsidies and Tax Credits for Existing . . . . .
o Both 1-3years High Medium High Medium Medium
Buildings
. Commercial . . .
B0O4: Cooperative Procurement of Green Products & Public <lyear Low Low High High Medium
BO5: Energy Performance Contracting and Energy Commercial . . .
. . . <lyear Low Low Medium Medium Medium
Service Companies & Public
BO6: Municipal Building Energy Efficiency Task Commercial . .
. <lyear Low Low Low High Medium
Force & Public
BO7: Expedited Permitting for Green Buildings Both <lyear Low Low Low Medium Medium
B08: Targets for Efficient and Renewables in . . .
L Both 1-3years Low Medium Low Medium Medium
Buildings
B09: More Stringent Local Building Codes Both >3year Medium High Low Medium High
B10: Green Building Guidelines for New Buildings Both <lyear Low Medium Low Medium High
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B11: Financial Incentives for Distributed Generation | Commercial . . . . .
. o . 1-3years Medium Medium Medium Medium High
in Buildings & Public
B12: City Energy and Heat Maps Both <lyear Low Low Low Medium Low
B13: Building Energy Labeling and Information
. & &Y & Both 1-3years Low Medium Low Medium Low
Disclosure
B14: Mandatory Building Energy-Efficiency Audit Commercial
. y & &Y y . 1-3years Medium Medium Medium | Medium Medium
and Retrofits & Public
B15: Reach Standards for Efficient Appliance and . . .
. Residential 1-3years Low High Low Low Low
Equipment
B16: Building Workforce Training Residential <lyear Low Low Low Medium Low
B17: Public Education Campaigns on Building .
- . Both <lyear Low Low Low Medium Low
Energy Efficiency and Conservation
Speed of First Cost to | Carbon
. . . . . . Human Enforce-
Industry Policy Recommendations Write-Ups implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
101: Benchmarking <lyear Low Medium Low Medium Low
102: Energy Audit / Assessments 1-3years Medium Medium Low Medium Low
103: Industrial Energy Plan <lyear Low Medium Low Medium Low
104: Stretch Targets for Industry 1-3years Low Medium Low Medium Medium
105: Subsidies and Rewards for Industrial Energy Efficiency 1-3years High Medium High High Medium
106: Industrial Energy Efficiency Loans and Innovative Funds >3years High Medium High Medium Medium
107: Tax Relief 1-3years High Medium High High High
108: Energy or CO, Tax 1-3years Low High High High High
109: Industrial Equipment and Product Standards 1-3years Low Medium High High High
110: Differential Electricity Pricing <lyear Low Medium High High High
111: Energy Management Standards <lyear Medium Medium Low Medium Low
112: Energy Manager Training <lyear Medium Medium Low Medium Low
113: Recycling Economy and By-product Synergy Activities 1-3years Medium Medium Medium | Medium Medium
114: Low-carbon Industrial Parks >3years Medium Medium Medium | High Medium
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115: Fuel-switching 1-3years High High Low Low Low
Speed of First Costto | Carbon
. X . ) . . Human Enforce-
Power Policy Recommendations Write-Ups implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
PO1: Minimum Performance Standards for Thermal Power Plants 1-3years Medium High High High High
P02: Renewable Energy and Non-fossil Energy Targets or Quotas >3years Low High High High High
PO3: District Heating Networking Maintenance and Upgrade . . . .
1-3years Medium Medium Medium | Medium Low
Program
PO4: Transformer Upgrade Program <lyear Medium Medium High High High
PO5: Time-based Electricity Pricing Schemes: Inclining Block Pricin
. . y & 8 & 1-3years Medium Medium High High High
and Time-of- Use Pricing
P06: Load Curtailment Incentives/Demand Response/Curtailable . . . . .
1-3years Medium Medium High High High
Rates
PO7: Power Investment subsidies and tax incentives for Renewable . . . . .
1-3years High High High High High
Energy
Street Lighting Policy Recommendations Write-Ups
SLO1: Street Lighting Plan <lyear Low Low Low Medium Low
SLO2: Audit and Retrofit Programs <lyear Low Low Medium | Medium Low
Speed of First Cost to | Carbon
. . X . . . . Human Enforce-
Solid Waste Policy Recommendations Write-Ups implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
SWO01: Integrated Solid Waste Management Planning <lyear Low Low Low Medium Low
SWO02: Recycling and Composting Mandate and Program 1-3years Low Low Medium | Medium Low
SWO03: Landfill Methane Recovery 1-3years Medium Low Medium | Medium Medium
SWO04: Anaerobic Digestion 1-3years Low Low Medium | Medium Medium
SWO05: Waste Composting Program 1-3years Low Low Medium | Medium Medium
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SWO06: Waste Vehicle Fleet Maintenance, Audit and Retrofit

<lyear Low Low Low Low Low
Program
SWO07: Public Education Program <lyear Low Low Low Medium Low
Speed of First Cost to | Carbon
. . . . . . . Human Enforce-
Transportation Policy Recommendations Write-Ups implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
TO1: Integrated Transportation Planning >3year Low Medium Low Medium Low
T02: Mixed-use Urban Form >3year Low Medium Low Medium Low
T03: Vehicle CO2 Emission Standards 1-3years Medium High High High High
TO4: Vehicle Fuel Economy Standards 1-3years Medium High High High High
TO5: Commuting programs <lyear Low Medium Low Low Low
TO6: Bike Share Programs 1-3years Low Low Low Low Low
TO7: Improved Bicycle Path Network 1-3years Medium Medium Low Low Low
T08: Complete Streets 1-3years Low Low Low Low Low
T09: Public Transit Infrastructure: Light rail, BRT, and Buses >3year Medium High High Medium Medium
T10: Congestion Charges, and Road Pricing 1-3years Low Medium High Medium Medium
T11: Parking Fees and Measures 1-3years Low Medium Medium | Medium Medium
T12: Vehicle License Policies <lyear Low Medium Low Low Medium
T13: Public Education on Transport Options <lyear Low Low Low Medium Low
T14: Clean Vehicle Program 1-3years Medium Medium
Speed of First Cost to | Carbon
. . . . . . Human Enforce-
Water Policy Recommendations Write-Ups implementa | Govern- Savings Finance
. . Resource ment
tion ment Potential
WO01: Water Management Plan <lyear Low Low Low Medium Low
WO02: Codes, Consumer Education, and Incentives for Water- . .
o <lyear Low Low Low Medium High
Efficient Products
WO03: Prioritize Energy Efficient Water Resources 1-3years Low Low Low Medium Medium
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WO04: Improve Efficiency of Pumps and Motors 1-3years Medium Medium Low Medium Low
WO05: Active Leak Detection and Pressure Management Program 1-3years Low Low Low Medium Low
WO06: Methane Capture and Reuse/Conversion <lyear Low Low Medium | Medium Medium
WO7: Public Education Measures <lyear Low Low Low Medium Low
WO08: Facility Operator Training Program <lyear Low Low Low Medium Low
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